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GIVE  INSTRUCTION   TO   A  WISH   MAN,   AND   HE   WILL   BE   TET  WISEB/ 
TiSACH  A  JUST  MAN  AND   HE   WILL  INCREASE  IN  LEARNINQ." — PrOVCrbs. 

"^*  AUTHOR'S  FOREWORD. 

Total  and  sudden  transformations  of  a  language  seldom  happen, 
says  Samuel  Johnson,  author  of  the  first  practical  and  comprehensive 
dictionary  defining  English  words. 

But,  he  says,  there  are  causes  which,  though  slow  in  their  opera- 
tion and  invisible  in  their  progress,  are  perhaps  as  much  superior  to 
human  resistance  as  the  revolutions  of  the  sky.  By  the  cultivation  of 
various  sciences,  language  is  amplified. 

'  Thus,  the  words  and  terms  relating  to  electricity  have,  in  the  course 
of  about  fifty  years,  come  to  be  a  part  of  a  language  which  has  been  growing 
and  expanding  for  a  thousand  years. 

Electrical  terms  differ  widely  from  words  which  have  grown  out 
of  one's  daily  life  and  which  are  seen  and  used  so  often  that  one  becomes 
familiar  with  their  meaning  almost  without  effort.  The  incorporation 
of  these  new  electrical  terms  in  the  old,  to  use  a  scriptural  phrase,  is 
like  putting  new  wine  in  old  vessels,  albeit  the  new  words  have  been  and 
are  being  coined  by  highly  educated  scientific  men  to  express  some  process, 
result  or  phenomenon  which  has  been  discovered  only  by  months  or  years 
of  careful  and  laborious  experiment  in  the  new  field.  Many  of  these  words, 
such  as  erg  and  dyne,  for  instance,  are  seldom  seen  by  the  general  reader, 
hence  the  necessity  for  a  work  like  the  present  one  which  shall  explain  in 
simple  language  many  of  these  terms  which  are  of  such  recent  origin  that 
the  literary  dictionaries  treat  them  inadequately  or  do  not  mention  them 
at  all. 

George  Herbert  says,  step  after  step  the  ladder  is  ascended,  and 
so  have  the  definitions  and  meanings  of  electrical  words  made  their  way 
until  now  it  has  seemed  to  the  author  that  the  time  has  arrived  when 
a  work  embracing  a  description  of  the  elements  and  practical  applications 
of  this  new  industrial  agent,  wide  iiv  its  extent  and  minute  in  its  application, 
can  be  advantageously  presented. 

vil 


While  a  great  part  of  the  contents  of  the  dictionary  is  written  for 
engineers  and  managers  of  electrical  properties,  much  of  its  matter  will 
be  found  to  be  of  genuine  interest  to  the  intelligent  public.  For  instance, 
the  meanings  which  grow  out  of  the  use  of  such  words  as  the  electric 
light,  the  motor,  the  telephone,  the  dynamo,  telegraphy,  electric  traction, 
lighting  and  heating,  electric  metallurgy,  the  central  station,  etc.  In 
the  use  of  these  words  there  is  a  wealth  of  theory  given,  as  well  as  of 
practice.  Every  phrase  given  contains  the  germ  of  more  or  less  enlarged 
technical  discussion;  as  a  sailor  would  express  it,  each  word  is  the  end  of 
a  rope,  which  pulled  out  to  its  extreme  length  leads  to  a  beneficial 
educational  end. 

For  more  than  kind  co-operation  in  the  arduous  task  incident  to 
the  completion  of  this  work  the  author  desires  to  name  specially  Edward 
F.  Stevens,  B.  A.,  formerly  Head  of  the  Technical  Reference  Department, 
Pratt  Institute  Library,  for  his  co-operation  and  efforts  from  the  inception 
of  this  work  to  its  completion,  involving  extensive  research  through  the 
entire  field  of  electrical  science,  also  Frank  Duncan  Graham,  B.  S., 
M.  S.  (Princeton  University,  1899,  1902),  and  M.  E.  (Stevens  Institute, 
1902.)  The  author's  thanks  are  extended  to  John  Harms,  M.  E.  (Leyden 
University),  who  pending  his  work  on  this  book  received  an  appointment 
as  chief  engineer  in  laying  out  the  hydro-electric  power  plant  at  Rio 
Janeiro. 

Credit  is  also  due  to  Mr.  Victor  Hawkins  for  untiring  industry  in 
word  selection  and  in  the  general  make-up  of  the  volume.  Following  in 
order,  the  author  names  Charles  E.  Booth,  and  R.  Spring  for  skillful 
work  in  the  preparation  and  revision  of  author's  manuscript,  also  to 
Mr.  Harry  Harrison  and  Mr.  Samuel  B.  Ascher  of  the  L.  Middleditch 
Press. 

The  inclusion  of  a  considerable  number  of  mechanical  terms  requires 
no  apology  when  one  realizes  that  electrical  science  is  only  the  highly 
specialized  development  of  one  branch  of  mechanical  engineering. 

N.  HAWKINS. 
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A. — Abbreviation  for  amptn, 
the  practical  unit  of  electric 
cuirent. 

Abrasion   of  In«al»tloii. — 

The  wearing  away  of  any  in- 
BulatiDg  covering  as  the  re- 
sult of  rubbing  or  chafing 
a^dnst  a  hard  eurface. 

AbraalTC— In  mechanics,  an  agent  em- 
ployed in  grioding  or  wearing  awajr  by 
friction  or  attrition.  The  more  common 
materials  for  this  purpose  are  emery, 
powdered  glass  and  sand. 

AbBolnt*  Block  8rst«m. — A  svstem  of 
automatic  railway  signaling,  in  wnich  cmly 
one  train  at  a  time  is  permitted  to  enter 
one  of  the  aectiona  or  blocks  into  which 
the  track  is  divided.  When  the  signal 
shows  red,  or  dan^r,  the  train  must  come 
to  a  dead  stop,  with  no  part  of  it  beyond 
the  signal,  and  wait  until  it  gets  a  clear 


Abvolnts  C»in>ratlon, — The  adjustment 
of  an  electrical  meaaurtng  instrument  to 
fixed  or  real  values,  etc.  Thus,  a  galvan- 
ometer which  does  not  give  absolute 
readings  may  be  made  t«  do  so  by  caO- 
bration, 

Absolnto  Eloetromet«r, — A     form     of 

electrometer  which  measures  the  vtdtage 
difference  directly  in  the  units  of  the 
centimeter-gram-eecond  (C.  Q.  S.)  system 


Abeolnto  ExpftnaieB. — l%e  ezpanaion  of 


Abaoltito  0»lTkBoueter. — A  measuring 

instrument,  which  tells  the  strength  of  an 
electric  current  by  the  direct  application 
of  Ohm's  law;  for  since  by  this  we  have 
voltage = current  X  resistance,  its  constants 
being  known. 


Absolnt*  Preamre.— That  measured 
from  the  true  aero  or  fioint  of  do  pressure. 
It  18    equal   to  Um   pressure   mdicated 


ra  the  gauge,  phia  that  ef 
atmosphere,  which  ia  usu- 
aUy  taken  as  14.7,  or  1&  lbs. 
Thus,  68  lbs.  gauge  pressure  is 
82.7,  or  S3  lbs.  aiaolute. 

Abaolttt*  Btrenffth. — In  me- 

charuoa,  the  actual  breaking 
atrengtb  of  a  bar  or  structure,  as  diBtin* 
guidied  from  the  saJFe  or  working  load. 

Abaolnto  Tamponttsv*.— In  physics, 
the  actual  temperatmv  of  anything, 
reckoned  from  absolute  *ero.  It  is  taken 
as  the  temperature  indicated  by  the  ther- 
mometer or  similar  instrument,  to  which 
is  added  273°  Centigrade  or  460°  Fahren- 
heit, tha  differgan  batwHO  absoluts  mto  Mid  th« 
HrtM  of  th>  reBpectin  Unrnoinetric  xska  whicb 
u«  utiitruily  fiiBd. 

Abaolnto  Cnit  of  OarreMt. — An  electric 
current  which  exerts  a  force  of  one  d3^e 
on  a  unit  magnetic  pole  placed  at  the 
center  of  an  arc  of  its  circuit,  one  centi- 
meter long  and  with  a  radius  of  one 
centimeter. 

Abaolnt*    Unit    of    Elaetroatotlve 

Foreo. — ^The  potential  difference  which 
exists  between  any  two  points  of  a  con- 
daetot  earryiiu  a  unit  current,  when  one 
erg  of  work  m  ootu  per  tecojtd. 

Abaolnte  Unit  of  R«Bl«tmne«.— The  re- 
fdstence  produced  by  a  conductor  in  which 
unit  electro-motive  force  causes  unit 
current  to  Sow. 

Abaolnt*  Units.— The  units  of  the  centi- 
meter-gram-seeond  (C.  Q.  S.)  system  of 
measurement. 

Abaolnte  VKontun. — In  physics,  space 
empty  or  devoid  of  matter;  the  absence  of 
pressure. 

Abaolnte  Zero. — In  physics,  temperature, 
or  the  heat  which  it  represents,  is  regarded 
as  a  manifestation  ol  molecular  activity 
in  any  substance,  the  higher  the  tempera- 
ture, the  greater  the  motion  or  vibration 
among  the  molecules  of  which  every  solid, 

liquid  or  gaseouB  body  is  composed,  Ejcp«ri- 
menCs  have  demoiutrated  thmt  n  na  »xpAnd9 
when  At  the  freeiiiia  pomt  uid  under  oonstaiit 
Iinssure  about  (It  oI  ita  vohime  for  eacfa  increase 
ol  1°  Fahr.,  in  preaaura. 


Absorption  Dynamometer, 


2 


Achromatic  Lens. 


Absorption  Dynamometer* — ^An  instru- 
ment for  measuring  power,  in  which  the 
energy  of  a  revolving  wheel  or  shaft  is  ab- 
sorbed by  the  friction  of  a  brake.  The 
tvpical  form  of  absorption  dynamometer  is 
tne  prony  brake  which  consists  of  a  lever  of 
definite  length  in  frictional  contact  with  a  wheel  or 
diaft  and  having  adjustable  screws  by  means  of 
whidi  the  intensity  of  the  friction  may  be  varied. 
The  end  of  the  lever  is  attached  to  scales  and  the 
friction  measured,  from  which  tiie  brake  horse- 
power can  be  calculated. 

Absorption  of  Gases* — In  physics,  the 
property  which  all  liquids  possess,  in  greater 
or  less  degree,  of  taking  a  certain  quantitv 
of  gas  into  chemical  combination  with 
themselves.  Heat  is  given  ofif  during  this 
process  of  absorption,  and  should  it  after- 
wards be  desired  to  separate  the  gases,  an 
equivalent  amount  of  heat  to  that  given  off,  must 
be  applied  to  the  liquid. 

Absorption  of  Lisht* — ^The  retaining  or 
absorbing  by  a  substance,  of  a  portion  of 
the  light  ravs  that  fall  upon  it;  the  energy 
of  the  light  being  retained  as  heat,  or,  some- 
times, as  a  chemical  change. 

Abstract* — ^To  withdraw;  to  separate;  to 
take  away;  as,  to  separate  the  more  volatile 
or  soluble  parts  of  a  substance  by  distilla- 
tion or  other  chemical  processes. 

a.  c* — ^Abbreviation  for  aUemating  current. 

Aceeleration* — In  phvsics,  the  rate  at 
which  the  velocity  of  a  body  increases 
per  unit  of  time.  Also  used  to  denote  the 
rate  of  decrease  in  the  velocity  of  a  body 
or  negative  acceleration. 

Accent* — In  mathematics,  a  mark  placed 
at  the  right  hand  of  a  letter,  and  a  little 
above  it,  to  distinguish  magnitudes  of  a 
similar  kind  expres^  by  the  same  letter, 
but  differing  in  value. 

Accidents* — Nearly  all  accidents  arising 
from  contact  with  electric  wires  and  elec- 
tric machines  it  may  be  said  are  due  more 
to  the  want  of  care  than  to  the  want  of 
knowledge.  Care  and  watchfulness  upon 
the  part  of  all  who  have  to  do  with  elec- 
tricity cannot  be  too  constantly  observed. 

Accumulation  of  Electricity* — 1.  The 

expending  of  electrical  energy  to  produce 
chemical  change  in  a  storage  or  secondary 
cell  for  the  purpose  of  re-developing  elec- 
trical energy  bv  a  secondary  chemical 
change  in  the  cell. 

2.  The  collecting  of  electrical  energy  in 
the  plates  of  a  Leyden  jar  or  condenser. 


Accumulator* — ^A  term  often  applied  to  a 
storage  battery.  The  storage  battery  now 
in  general  use  has  electrodes  consistmg  of 
lead  plates  and  an  electrolyte  consisting 
of  dilute  sulphuric  acid.  The  combination 
forms  a  voltaic  couple.  In  charging,  the 
positive  plates  become  coated  with  peroxide 
of  lead  and  the  color  changes  from  crey  to  brown. 
The  storajse  or  seoondai^  battery  mffers  from  the 
primary  m  that,  when  its  eneii^y  is  exhausted,  it 
can  be  recharged  by  passing  a  current  into  it  in  a 
direction  opposite  to  its  flow  when  discharging. 

Accumulator  Distribution* — The  distri- 
bution of  electricity  through  the  medium 
of  accumulators,  or  storage  batteries. 

Accumulator  Traction* — The  electric 
propulsion  of  street  railway  or  other  cars 
by  means  of  storage  batteries ;  storage 
battery  traction. 

Acetate* — A  salt  formed  by  the  action  of 
acetic  acid  upon  a  base;  an  acetate  of  lead 
is  much  used  in  the  arts,  commonly  known 
as  sugar  of  lead. 

Acetate  of  Copper* — ^A  substance  com- 
monly known  as  verdigris.  It  is  prepared 
by  exposing  copper  plates  to  the  vapor  of 
acetic  acid  and  the  action  of  the  air;  it  is 
much  used  in  electroplating. 

Acetimeter* — ^A  graduated  instrument  for 
measuring  the  strength  of  acetic  or  other 
acids.    Also  called  acetometer. 

Acetone* — A  liquid  with  a  characteristic 
smell,  obtained  as  a  by-product  in  the  dis- 
tillation of  wood  alcohol.  Acetone  is  used 
in  the  manufacture  of  chloroform,  iodoform, 

etc.  It  dissolves  many  times  its  own  vol- 
ume of  acetjjlene  gas,  the  quantity  depending  up>on 
the  pressure,  and  is  therefore  used  m  connection 
with  reservoirs  for  storing  acetylene  for  automobile 
UohU. 

Acetylene  Generator* — A  closed  vessel 
in  which  acetylene  gas  may  be  continually 
produced  by  the  action  of  water  on  calcium 
carbide,  in  Quantities  sufficient  to  supply  a 
certain  numoer  of  lamps,  the  gas  being  sup- 
plied under  a  uniform  pressure.  The  gen- 
erators are  commonly  made  of  small  size. 

Achromatic* — ^Free  from  color;  a  term 
applied  to  a  medium  which  transmits  light, 
without  decomposing  it  into  its  prismatic 
colors. 

Achromatic  Lens* — ^A  lens  usually  made 
up  of  two  separate  lenses  differing  in  shape 
and  qualitv,  so  that  each  corrects  and  sup- 
plements the  other,  and  light  passes  through 
the  two  undecomposed. 


Acid. 


Active  Polar  Surface. 


Acid. — ^An  extremely  active  chemical  com- 
pound formed  by  the  union  of  hydrogen 
with  an  acid  radical ;  as,  for  example,  sul- 
phuric acid,  a  compound,  of  hydrogen,  std- 
phur  and  oxygen  in  defimte  proportions. 

Aeid  Batlu — ^An  acid  solution  for  cleansing 
the  surfaces  of  gold,  silver,  copper,  brass 
and  zinc  objects,  preparatory  to  electro- 
plating ;  acid  pickle, 

Aeid  Depolariaer* — ^An  acid,  such  as  nitric 
acid,  sometimes  introduced  into  a  primary 
cell  to  prevent  polariiatlon. 

Aeidimeter. — An  instrument  for  deter- 
mining the  purity  or  strength  of  acids, 
founded  on  tne  principle  that  the  strength 
of  any  sample  of  acia  is  proportionate  to 
the  quantity  of  carbonic  acid  gas  which  it 
disengages  from  a  carbonate  of  soda  or 
potash. 

AeidnUbted  Water. — An  acid  solution 
which  19  largely  diluted  with  wat^ ;  as,  a 
diUute  eolutum  of  eulphwric  acid. 

Aclinic  Line. — ^An  imaginary  line  on  the 
earth's  surface  passing  t&ough  points  hav- 
ing no  magnetic  inclination  or  dip.  Also 
called  magnedc  equator, 

Acome. — Light  metallic  acom-ehaped 
pieces  for  the  ends  of  pendant  chains  con- 
nected with  pull  switches  for  lighting  incan- 
descent lamps. 

Acorn  Socket. — A  form  of  incandescent 
]an^>  socket  resembling  an  acorn  in  shape. 


-.—An  electric  instrument  for 
measuring  the  acuteness  of  the  sense  of 
hearing.    Also  called  acoueimeier. 

Acoustic. — Relating  to,  or  having  to  do 
with,  sound. 

Aconsticon. — ^An  electrically  operated  in- 
strument for  the  deaf.  It  acts  to  intensify 
low  sounds  and  to  moderate  the  loud  ones. 
It  consists  of  a  receiver  or  transmitter,  a 
watch  case  ear  piece,  and  a  battery,  the 
three  parts  being  connected  together  by  a 
flexible  cord. 

Aconstice. — ^The  science  of  sound;  the 
study  of  the  cause  and  phenomena  of 
the  vibrations  which  afifect  thei  organ  of 
hearing;  in  other  words,  the  manner  in 
which  sound  is  produced,  and  its  trans- 
mission through  the  air. 


Acoustic  Synchroniser. — ^A  sounding  de- 
vice for  indicating  the  83mchronous  rela- 
tion between  two  alternators  by  becoming 
silent  at  synchronism. 

Aconstie  Teles^raphy. — ^The  system  of 
telegraphy  in  which  the  signals  are  read  by 
sound,  as  distinguished  from  visual  telega 
raphy. 

Actinic* — Having  the  property  of  actiniem; 
applied  to  the  Quality  m  the  sun's  rays 
whereby  chemical  changes  are  produced. 

Actinic  Photometer. — A  photometer 
which  measures  the  intensitv  ot  light  by  the 
chemical  change  produced  by  the  light. 

Actinic  Rajr. — A  ray  of  light,  or  invisible 
radiant  energy,  which  can  induce  chemical 
action.  The  violet  and  ultra  violet  rays 
of  the  spectrum  are  the  most  powerfully 
actinic. 

Actinism. — ^That  property  possessed  by 
rays  of  light  of  bringing  about  chemical 
action ;  as,  in  photography. 

Actlno-Electricit jr. — ^E lectricity  pro- 
duced by  the  action  of  radiation  upon 
crystals. 

Aetinograph. — 1.  An  instrument  for 
measuring  and  registering  the  chemical  in- 
fluence of  rays  of  light. 

2.  An  instrument  for  recording  the  vari- 
ation in  power  of  the  sun's  rays.  Also 
called  actinometer. 

Active  Conductor. — One  through  which 
an  electric  current  is  passing. 

Active  Current. — ^In  an  alternating 
current,  a  component  in  phase  with  the 
pressure;  the  working  component  as  dis- 
tinguished from  the  idle  or  wattless  com- 
ponent; also  called  the  energy  or  active 
component. 

Active  Material. — ^The  spongy  part  of  a 
storage  battery  plate  capable  of  changing 
its  nature  and  appearance  by  reason  of  the 
flow  of  electric  current  and  to  be  endowed 
with  a  potential  energy  for  redevelopins 
the  electric  current  by  a  secondary  chemical 
change. 

Active  Molecules. — ^The  molecules  which 
are  broken  up  into  their  constituent  iona 
during  the  process  of  electrolysis. 

Active  Polar  Surface. — ^The  Burfaoe  ol 
a  magnet  at  its  poles. 


Active  Prea9iare, 


Adjuster  for  Lamp  Pendant. 


Aetive  Pressure* — In  an  alternating  cur- 
rent circuit,  the  pressure  which  produces  a 
current,  as  distinguished  from  the  pressure 
impressed  upon  the  circuit;  the  adive  deo 
tro-motive  force. 

Aetive  Wire. — ^The  wire  of  an  armature 
winding  which  produces  useful  electro^ 
motive  force,  as  oistinguished  from  dead  or 
idle  wire. 

ActlTitjr* — ^In  phvsics,  the  rate  of  doing 
work,  or  the  work  done  in  a  unit  of  time; 
power. 

Actual  Efllcleney. — ^The  net  or  available 
energy  produced  by  a  machine  divided  by 
the  total  energy  it  absorbs.  Usually 
called  commercial  efficiency. 

Actual  Enen^* — Energy  which  is  act- 
ively engagecTm  working,  as  distinguished 
from  potential  energy  or  energy  in  reserve; 
kinetic  energy. 

Actual  Horse  Power. — In  steam  engi- 
neering, the  exact  useful  power  given  out 
by  the  engine;  its  amount  is  estimated  by 
subtracting  the  power  absorbed  by  the  en- 
gine itself  from  the  indicated  horse  power; 
also  called  brake  horse  power. 

Acute. — Sharp  at  the  end;  ending  in  a 
sharp  point;  pointed. 

Acute  Auff le. — An  angle  less  than  a  right 
angle;  an  angle  less  than  90  degrees. 

Acute    AxkgjlB    TroUejr    Crossing^. — A 

trolley  crossing  set  at  the  point  where  two 
trolley  wires  intersect  at  a  sharp  angle. 

Adapter. — A  form  of  screw  coupling  by 
means  of  which  an  incandescent  lamp  may 
be  fitted  to  a  gas  fixture,  or  to  a  socket  of 
different  make. 

Adherence. — ^The  quality  of  clinging  or 
sticldng  together  of  umike  particles  of 
matter. 

Adhesion. — ^The  act  or  state  of  sticking  to- 
gether or  being  attached;  the  force  with 
which  distinct  bodies  hold  together  when 
their  surfaces  are  brought  in  contact. 

Adhesiout  Electric. — ^The  attraction  be- 
tween bodies  due  to  unlike  charges  of  elec- 
tricity carried  by  them. 

Adhesion,  Magnetic. — ^T  h  e  attraction 
between  bodies  due  to  the  force  of  mag- 
netic flux  in  them. 


Adhesive  Tape. — A  tape  prepared  for  in- 
sulating purposes,  and  designed  to  adhere 
to  the  substance  about  which  it  is  wound. 

Adiabatic. — In  physics,  when  a  gas  is 
compressed  or  expanded,  if  the  heat  due  to 
compression  be  not  iskea  away  or  fresh 
heat  not  supplied  to  make  up  for  that  lost 
by  internal  work  during  expansion,  the 
compression  or  expansion  is  accompanied 
by  a  change  of  temperature,  the  gas  beoominc  hot 
or  eold  according  as  the  gas  is  oompresseo  or 
expanded. 

Adiabatic  Curve. — A  curved  line,  as  in 
an  indicator  diagram,  exhibiting  the  varia- 
tions in  pressure  and  volume  in  a  fluid 
which  is  expanded  or  compressed  adiabati- 
caUVf  that  is,  without  receiving  or  giving 
up  heat.  This  curve  differs  from  the  hjrper- 
bolic  or  isothermal  curve. 

Adiathermancjr. — ^The  quality  of  being 
opaque  to  heat. 

Adjunct. — Something  joined  or  added  to 
another  thing,  but  not  essentially  a  part  of 
it. 

Adjust. — ^To  cause  to  fit;  make  exact;  to 
adjiist  the  parts  of  a  machine  to  a  standard. 
Also  the  refitting  or  letting  together  of  worn 
machinery  parts  so  that  their  original  rela- 
tionships shall  be  preserved. 

Adjustable  Angle  Crossiuff. — A  trolley 
crossing  designed  to  admit  ofinterseetions 
at  any  required  angle. 

Adjustable  Condenser. — A  condenser  in 
which  the  capacity  may  be  changed  with 
varying  requirements. 

Adjustable  Resistance. — A  resistance 
capable  of  being  varied  to  a  greater  or  less 
extent,  as  a  resistance  box;  also  called  vorta- 
ble  resistance. 

Adjustable  Speed  Motor. — A  motor, 
such  as  a  shunt  motor  designed  for  a  con- 
siderable range  of  field  variation,  in  which 
the  speed  can  be  varied  gradually  over  a 
considerable  range,  but  when  once  adjusted 
remains  practically  imaffected  by  the  load. 

Adjustable   Transmitter  Amu — In   a 

telephone  set,  a  cast  iron  arm,  hinged  at 
the  oase,  for  supporting  the  transmitter  so 
that  it  may  be  adjusted  to  the  height  of  the 
user;  a  bracket  arm. 

Adjuster  for  Lamp  Pendant. — A  con- 
trivance for  setting  an  electric  lamp  at  any 
desired  height  or  position. 


Adputing  Lubricators. 


Affiniiy. 


AdjuMking  Lubricators. — Previous  to 
starting  a  generator  or  motor,  the  lubrica- 
tors should  be  examined  to  see  that  they 
feed  the  lubricant  properly,  and  that  the 
oil  passages  are  not  clogged.  They  should 
then  be  adjusted  to  feed  an  ample  supply 
of  oil  on  to  the  armature  spindle.     Tlie 

•mount  required  will  depend  upon  the  load 
and  the  nature  of  the  oil  used,  but  from  3  to  12 
drops  per  minute  of  any  ordinaiy  heavy  bydro- 
earbon  oil  is  generally  sufficient  for  a  load  vaiy- 
ing  from  0  to  30  horse  power. 

Adjusting  Screw* — A  set  screw  of  an 
instrument  or  tool  by  which  one  part  is 
moved  upon  another  either  for  level,  ten- 
sion, or  other  purpose. 

Adjustneiit* — ^The  setting  in  order  of  the 
various  parts  of  an  apparatus  or  machine 
to  insure  proper  workmg. 

Admittance. — ^The    apparent    conducting 
power  of  an  alternating  current  circuit;  the 
~  of  the  impednmce* 


Advanced  Inition. — Setting  the  spark 
of  an  internal  combustion  motor  so  that 
it  will  ignite  the  charge  earlier.  This  is 
generally  effected  by  turning  the  timing 
lever  so  that  ignition  occurs  earlier  during 
the  compression  stroke.  Turning  the 
opposite  wa^  delays  the  spark  and  conse- 
quently the  ignition. 

Ad^SAced  Qnadratnre. — In  an  alterna- 
ting current,  a  phase  difference  of  ninety 
degrees  in  advance  of  a  succeeding  phase. 

Aaolotropic« — Not  uniform  with  respect 
to  direction. 

Aeolotropism* — The  quality  of  being  not 
uniform  with  respect  to  direction. 

iE||ftiiiiis  Condenser. — An  apparatus,  con- 
sisting essentially  of  two  insulated  brass 
disks  with  a  plate  of  glass  between  them, 
used  to  illustrate  by  experiment  the  action 
of  an  cdectric  condenser. 

MnhctMrnf  F.  M.  U.  T.— Bom  1724,  died 
1802.  A^  German  physicist,  noted  for  his 
crigiDal  investigations  in  electricity  and 
magnetism.  He  devised  magnetization  by 
"double  touch/'  and  published  an  impor- 
tant work  on  electricity  and  magnetism 
(1769). 

AeriaL— In  wireless  telegraphy,  a  group  of 
conductors  suppoi;^  on  lofty  masts  for  the 
purpose  of  radiating  into  space,  or  receiving 
the  electro-magnetic  waves  conveying  the 


ductor. 


Also  called  anteftna»  orarial  con* 


Aerial  Cable. — 1.  A  cable  hung  overhead 
through  the  air. 

2.  The  adrial  or  antenna  In  wireless 
telegraphy. 

Aerial  Circuit. — ^An  electric  drooit  made 
up  of  overhead  wires. 

•« 
Aerial  Conductor. — 1.  A  conductor  sus- 
pended overhead,  as  distinguished  from  one 
placed  underground;  an  overhead  cxmdudor, 
2.  In  wireless  tele^phy,  the  antenna  or 
sky  rod  for  transmitting  or  receiving  signals. 

.. 
Aerial  Cut-ont. — A  cut  out  inserted  in  an 
overhead  wire. 

.. 
Aerial  SiRritch. — In  wireless  telegraphy,  a 
switch  for  throwing  the  serial  into  tne  cir- 
cuit of  the  spark  gap  when  sending  im- 
pulses, and  into  that  of  the  detector  when 
receiving. 

Aeriform. — Having  the  form  or  nature  of 
air  or  gas.  The  prefix  aer,  in  many  words, 
signifies  of  or  pertaining  to  the  atmosphere 
or  other  gases. 

Aero-dynamiec. — ^That  branch  of  pneu- 
matics which  treats  of  air  and  other  gases 
in  motion,  and  their  mechanical  effects, 

— 
Aero-ferric  Indnctaace. — Inductance  in 
coils  having  a  magnetic  circuit  completed 
throiigh  both  air  and  iron. 

.« 
Aero-ferric  Magnetic  Circnit. — ^A  mag- 
netic circuit  having  its  course  complete 
through  both  air  and  iron;  an  open  iron 
magnetic  circuit. 


.. 


Aerometer. — An  apparatus  for  weighing 
and  estimating  the  tension  of  air  or  other 
gases;  an  instrument  for  ascertaining  the 
mean  bulk  of  air  or  gases  in  pneumatic 
experiments. 

Aetna  MateriaL — A  trade  name  for  an  in- 
sulating compound  used  for  strain  insula- 
tors. It  will  withstand  great  heat,  but  is 
inclined  to  become  brittie. 

AfflnitT'. — In  chemistry,  the  property  or 
force  by  which  differing  elements  or  groups 
of  elements,  when  brought  into  contact, 
imite  to  form  a  new  compound;  chemical 
attraction. 


After  Burning. 


6 


Air  Cooled  Transformer. 


After  Bnminif  • — A  defect  in  the  working 
of  internal  combustion  engines.  Tlie 
charge  does  not  ignite  instantaneously  but 
sluggishly,  and  the  combustion  is  prolonged, 
causing  a  loss  of  power  and  imparting  a 
series  of  shocks  to  the  piston,  instead  of  a 
sin^e  impulse. 

After  Tiring* — In  a  gasoline  engine,  a  suc- 
cession of  explosions  in  the  mufflers 
caused  by  misfires  in  one  or  more  cylinders, 
the  unbumed  gas  igniting  by  the  heat  of 
the  walls  or  by  the  exhaust  of  the  firing 
cylinder. 

After  Glow. — A  form  of  fluorescence  some- 
times seen  in  a  vacuum  tube  after  the 
electric  current  has  ceased. 

Aga,te. — A  form  of  free  silica  consisting  of 
separate  bands  of  quartz  blended  together, 
found  principally  in  trap  rocks  and  serpen- 
tine. It  is  regarded  as  a  semi-precious 
stone,  and  is  used,  on  accoimt  of  its  hard- 
ness, as  a  material  for  burnishers,  and  is 
engraved  to  form  seals,  etc. 

Age  Coatinff  of  Lamp  Chamber. — ^The 
obscuring  of  the  glass  Dulb  or  chamber  of 
an  incandescent  lamp  after  continual  use, 
caused  by  the  gradual  deposition  of  opaque 
matter  from  within. 

Ag^flflomerate  Leclanehe'  Cell. — A  va- 
riety of  Leclanch^  cell  which  does  away 
with  the  porous  inner  jar,  using  instead  a 
mass  of  manganese  dioxide  and  carbon 
solidified  by  pressure. 

Afffflomeration  of  Carbon  Ck*ain8. — 

The  packing  of  the  mass  of  gianular  carbon 
which  is  liable  to  occur  in  tne  loose  carbon 
tyi>e  of  telephone  transmitter,  resulting  in 
serious  loss  of  efficiency. 

Aging   of    Incandeeceiit     Lamp. — A 

^oual  diminishing  of  the  brilliancy  oC  an 
mcandescent  lamp  after  continued  use, 
due  in  part  to  the  wear  of  the  filament  and 
in  part  to  the  age  coating  of  the  bulb. 

Aflfinflf  of  Magnet. — Subjecting  a  mag- 
net to  the  process  of  increasing  its  magnetic 
permanency. 

Aging    of    Transformer    Core. — The 

magnetic  fatigue  of  a  transformer  core. 

Agitator. — A  device  for  stirring  the  solu- 
tion in  an  electroplating  bath  in  order  to 
preserve  a  uniform  density  in  the  liquid. 


Affonic  Line. — An  imaginary  line  drawn 
tnrough  points  on  the  earth's  surface  where 
the  magnetic  needle  points  to  the  true 
north,  or  where  the  declination  of  the  nee- 
dle is  zero. 

a.  h. — ^Abbreviation  for  cunpere  hour. 

a.  h.  e. — ^Abbreviation  for  ampere  hour  effi- 
ciency. 

Aiguille. — A  needle ;  among  masons,  a 
stone  boring  tool;  a  priming  trtre. 

Air. — 1.  The  atmosphere  which  envelops 
the  earth. 

2.  A  gas  consisting  of  a  mechanical  mix- 
ture of  23%  of  oxygen  (by  weight),  76% 
nitrogen f  and  1%  argon.  Carbonic  acid  is 
present  to  the  extent  of  about  .03  or  .04% 
of  the  volume.  Obscure  oonstituente  are  .01  per 
cent  krypton^  with  small  amounts  of  several  otoer 


Air  Blast  for  Commutator. — ^A  stream 
of  air  directed  against  the  surface  of  a  dy- 
namo commutator  to  prevent  injurious 
sparking  at  the  brushes. 

Air  Blast  Transformer. — ^A  transformer 
through  which  a  blast  of  air  is  driven  by  a 
blower  in  order  to  reduce  the  temperature. 

Air  Break  Switeh. — ^A  type  of  switch  de- 
signed to  break  the  circuit  in  the  open  air 
or  in  an  enclosed  air  space,  as  distinguished 
from  an  oil  break  switch. 

Air  CelL — A  voltaic  cell  in  which  increased 
activity  is  produced  by  the  absorption  of 
oxygen  from  the  surrounding  air. 

Air  Chnrninff. — ^The  agitation  of  the  air 
surrounding  a  rotating  armature,  which 
interferes  with  the  efficiency  of  the  ma* 
chine. 

Air  Compressor. — ^A  machine  usually 
driven  bjr  steam,  by  which  air  is  compressed 
in  a  receiver  so  tfaiat  its  expansion  may  be 
utilized  as  a  source  of  power  at  distances. 

Air  Condenser. — ^A  form  of  condenser  in 
which  a  layer  of  air  between  the  two  disks 
serves  to  insulate  the  two  charges  from 
each  other. 

Air  Cooled  Transformer. — 1.  An   air 

blast  transformer. 

2.  A  self-ventilating  transformer  which 
is  cooled  by  the  natural  draught  set  up  by 
the  heating  of  the  coils. 


Air  Codling, 

Air  Cooling. — 1.  Reducing  the  tempera- 
ture of  a  transformer  or  other  electrical  ap- 
paratus by  causing  air  currents  to  pass 
over  the  heated  surfaces. 

2.  The  system  of  cooling  an  internal  com- 
bustion engine  cylinder  oy  directing  air 
against  its  surface. 

Air  Core  Solenoid. — ^A  solenoid  having 
an  air  core. 

Air  Core  Transformer* — A  transformer 
having  an  air  core. 

Air  Damping^. — Arresting  the  oscillations 
of  the  moving  parts  of  an  electric  measuring 
instrument  by  the  use  of  a  vane  turning  in 
a  chamber  of  air. 

Air  Expansion  Ttightning  Arrester* — 

A  vanetv  of  lightning  arrester  in  which  air 
is  caused  to  expand  by  the  heat  of  the  dis- 
charge with  sufficient  force  to  blow  out  the 
arc. 

Air  Field* — ^That  part  of  A  magnetic  field 
in  which  the  magnetic  flux  is  transmitted 
through  air  alone. 

Air  Film  of  Lamp  Chamber. — A  film  of 
air  that  clings  to  the  inner  walls  of  an  in- 
candescent lamp  bulb  despite  the  efforts  of 
the  air  pump  to  exhaust  it. 

Air  Gap. — Any  open  space  in  a  circuit  oc- 
cupied solely  by  air;  as,  the  air  gap  of  a 
spark  plug. 

Air  Gap  of  Commntator* — An  open- 
ing or  crevice  left  between  successive  seg- 
ments of  certain  types  of  commutators. 

Air  Insulation* — ^Insulation  in  which  air 
acts  as  the  insulator. 

Airpolse* — An  instrument  to  measure  the 
weight  of  air. 

Air  Pressure* — ^The  pressure  equal  to 
14.73  pounds  on  the  square  inch,  exerted 
by  the  atmosphere  upon  the  earth's  surface 
at  sea  level;  atmospheric  pressure. 

Air  Pnm^i* — An  apparatus  for  pumping 
out  the  au*  from  an  enclosed  space  in  order 
to  produce  a  vacuum. 

Air  Resistance  of  Dynamo* — The  re- 
sistance offered  by  the  air  to  the  revolu- 
tions of  a  dynamo. 


Align, 

Air  Space* — ^The  open  space  existing  in  a 
dynamo  or  motor  between  the  polar  faces 
of  the  field  magnet  and  the  surface  of  the 
armature. 

Air  Space  Cable* — A  submarine  cable 
contaming  a  core  made  up  of  several  con- 
ductors separated  from  one  another  by  a 
series  of  air  spaces  of  cellular  form. 

Air  Space  Cnt  Ont* — ^An  open  air  space 
sometimes  used  in  place  of  a  film  cut  out. 

Air  Space  Insulation* — Still  air,  that  is, 
air  without  motion,  is  a  good  non-conduc- 
tor of  heat;  therefore,  an  air  space  is  fre- 
quently constructed  for  that  purpose  in 
covering  engine  cylinders  or  insulating 
refrigerators.  But,  as  a  slight  difference  in 
temperature  will  aet  up  air  currents  between  the 
two  sides,  it  has  been  found  advisable  to  pack  the 
space  with  some  extremely  porous  or  fibrous 
material,  such  as  sawdust,  slajin^ool  or  diarcoal, 
which,  althou^  i>ermeated  with  air,  completely 
checks  all  motion  in  it. 

Air  Thermometer* — As  gases  are  more 
regular  in  their  expansion  than  liquids,  air 
is  sometimes  used  in  a  thermometer  bulb 
where  small  differences  in  temperature  are 
to  be  measured  with  precision. 

Air  Vane  Dampin^^* — A  frictional  resist- 
ance for  reducing  the  revolutions  of  an  air- 
vane. 

Air  Washinff  of  Lamp  Filament*— The 

deteriorating  action  of  the  residue  of  gase- 
ous matter  in  the  vacuum  chamber  of  an 
incandescent  lamp  upon  the  filament. 

Alarm* — 1.  An  audible  warning.  Alarms 
are  of  many  kinds;  the  purpose  or  construc- 
tion of  each  is  usually  indicated  by  its  name. 
They  are  placed  in  such  positions  or  under 
such  circumstances  as  to  give  warning  of  dai^ger 
or  to  call  attention. 

2.  Any  electrical  device  which  automatically 
rings  an  alann  when  certain  distuxbances  occur  or 
comiltions  arise  at  points  where  contacts  are  set.. 

Alarm  Pointl — A  point  in  a  system  of  fire 
alarm  telegraphy  from  which  a  signal  is 
sent. 

Alarm  Wires  of  Submarine  Cable* — 

Special  wires  run  through  the  fibre  which 
separates  the  core  of  a  submarine  cable 
from  the  outer  sheathing,  so  adjusted  as  to 
give  an  alarm  when  injured  by  an  accident 
to  the  cable,  in  order  that  repairs  may  be 
made  before  the  core  itself  suffers  damage. 

Alig^* — ^To  arrange,  place  or  form  in  line  ; 
as,  to  align  shafting.     Also  spelled  aline. 
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Alifl^nmeiit* — 1.  The  line  to  which  adjust- 
ment is  made,  or  things  are  arranged  in  line. 
2.  The  drawing  of  an  imaginary  straight 
line  through  two  or  more  points  or  objects. 

Alive. — ^A  term  sometimes  used  to  describe 
a  circuit  or  wire  charged  with  electricity. 

AlkalL — Chemically,  a  substance  which 
yields  kydroxylt  on  being  dissolved  in  water. 
The  characteristics  of  alkalis  are  a  caustic 
taste;  the  neutralisation  of  acids,  forming 
a  salt  and  water  by  the  process;  and  turn- 
ing red  litmus  paper  blue, 

Alkalimeter. — ^The  object  of  this  instru- 
ment is  to  ascertain  the  value  of  the  alkalis 
of  commerce.  The  strength  of  alkali  is 
inferred  from  the  amount  of  acid  required 
to  neutralize  it. 

Alkaline  Bath* — A  solution  of  caustic 
soda  or  caustic  potash  for  rem<fving  grease 
from  the  surfaces  of  objects  to  be  electro- 
plated. 

All  Day  Eflloieney. — ^The  average  efficien- 
cy of  an  electrical  apparatus  during  the  24 
hours  of  a  continuous  day's  operation. 

AUoiropy. — ^The  power  possessed  by  cer- 
tain elements  of  existing  m  nature  in  more 
than  one  form.  Carbon  exists  as  the  dia- 
mond, graphite  and  charcoal.  Oxyqen  has 
an  aUotropic  form  as  otoney  in  which  the 
atoms  are  condensed;  phosphorus  is  also 
existent  in  two  verv  distinct  forms,  the 
yellow  and  red,  whose  properties  vary 
widely. 

AUojr* — 1.  A  compound  of  two  or  more 
metals  formed  by  fusion,  as  of  copper  and 
tin,  to  form  gun  metal.  When  mereuiy  is 
one  of  the  constituents  the  resulting  metal 
is  termed  an  amalffam. 

Alphabetic  Telepfraph* — A  method  of 
telegraphy  in  which  tne  words  of  a  des- 
patch are  spelled  out,  letter  by  letter,  l^  an 
mdez  on  a  dial;  the  A.  B.  C.  telegraph. 

Alpha  (  a)  Ravs* — One  of  the  three  types 
of  rays  emitted  by  radio-active  substances; 
alpha  rays  are  regarded  as  positively 
charged  material  particles.Theyare  given  on 
with  great  velocity,  having  small  penetrat- 
ing power,  but  great  power  to  ionize  a  gas. 

Alternating. — ^Undergoing  successive  re- 
versals in  direction.  A  torm  used  to  des- 
cribe an  electric  current  whidh  periodically 


changes  its  direction;  as,  the  aUemaiing 
current. 

Altematinflf  Cnrrent. — A  succession  of 
electric  currents  which  rise  and  fall  in 
strength,  and  flow  alternately  in  opposite 
directions  at  regular  intervals.  The  cur- 
rents or  impulses  vary  in  intensity  from  a 
plus  maximum  to  a  negative  maximum, 
and  are  separated  by  points  of  zero  pres- 
sure, as  aistinguished  from  a  direct,  or 
eonUnuous  current;  a  periodic  current;  ab- 
breviated a.  c. 

Altematinff  Cnrrent  Arc* — A  voltaic 
are  produced  by  an  alternating  current.  In 
an  alternating  current  are  lamp  the  current 
forms  no  crater  on  either  carbon,  but  uni- 
formly tapers  each  one,  thus  causing  a  more 
horizontal  dissemination  of  light. 

Alternating  Cnrrent  Armature  Wind- 
ing*— ^A  method  of  winding  an  armature 
so  as  to  produce  alternating  currents. 

Alternating  Cnrrent  Dynamo. — A  gen- 
erator for  furnishing  an  alternating  current. 
Alternating  current  dynamos  are  classified 
with  respect  to  the  cuirent  as:  (1)  Single 
phase,  (2)  two  phase,  or  (3)  polyphase; 
with  respect  to  construction  as,  (a)  those 

with  stationary  field  ma^et  and  rotating  arma- 
ture, (b)  those  with  rotating  field  magnet  and  sta- 
tionary armature,  (c)  those  with  both  field  magnet 
part  and  armature  part  stationary,  but  having 
revolving  inductors  made  up  ot  appropriate  pieces 
of  iron.  Alternating  current  generators  or  nlter- 
naiora  are  usually  multipolar,  having  north  and 
south  poles  alternating  around  the  field.  The 
number  of  changes  of  direction  of  the  current  per 
revolution  is  the  same  as  the  number  of  coils  in 
the  armature  or  poles  in  the  field,  the  armature 
ooils  in  simple  current  machines  being  equal  in 
number  to  toe  poles.  The  field  magnets  are  often 
excited  by  a  separate  geoerator. 

Altematinif  Cnrrent  Motor. — ^An  elec- 
tric motor  operated  by  an  alternating  cur- 
rent. Alternating  current  motors  are  of 
the  single  and  polyphase  types. 

Altematinif  Cnrrent  Pressure  Indi- 
cator.— A  voltmeter  for  measuring  the 
pressure  of  alternating  currents. 

Alternatinif  Cnrrent  Rotary  Trans- 
former.— A  rotary  transformer  for  chang- 
ing alternating  current .  into  direct  currents, 
or  direct  currents  into  alternating. 

Alternating^  Cnrrent  Transformer. — 

a  device  used  either  to  raise  or  lower  the 
potential  of  an  alternating  cuirent.  It  con- 
sists of  an  induction  coil  having  a  primary 
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and  secondary  winding  and  an  iron  core. 
A  primary  current  in  the  primary  winding 

induces  a  aeobndary  current  in  the  secondary  <m 
either  higher  or  lower  potential  according  as  the 
number  of  turns  in  the  secondary  is  greater  or  less 
tiian  the  number  in  the  primary.  Transformers 
which  raise  the  potential  of  the  primarsf  current 
are  called  tiep-up  transformers;  those  which  lower 
it  are  caalled  ttep-down  transformers.  The  E.  M. 
F.  of  the  primary  and  secondary  currents  is  pro- 
portional to  the  ratio  of  the  number  of  turns  in 
the  two  windings;  thus,  if  the  primary  has  ten 
turns  to  one  of  we  secondary  the  E.  M.  F  of  the 
secondarsr  will  be  (approximately)  one-tenth  that 
of  the  primary. 

Alteraatinflp  Current  Transmission* — 

The  use  o7  alternating  currents  for  the 
transmission  of  power. 

Altematinflf  Current   Working. — The 

use  of  alternating  currents  to  supply  elec- 
trical energy. 

Alternating  Cjrele* — ^In  an  alternating 
current,  a  series  of  current  changes 
which  are  regularly  repeated.  The  cycle 
begins  with  zero  current  which  rises  to  a 
positive  maximum,  falls  to  sero  again, 
thence  to  a  negative  maximum  and  returns 
to  aero;  the  completion  of  the  cycle  is  called  a 
period  and  the  number  of  periods  accomplished  in 
a  secondf  the  frequency  of  the  alternations.  The 
maximum  value  attamed  by  the  electro-motive 
force  is  the  amjmtude. 


Alternating  Discharge* — ^An  electric 
discharge  which  rapidly  reverses  its  direc- 
tion; an  ^illatory  discharge. 

Alternating  Magneto -eleetric  Ma- 
ehine* — ^A  generator  having  permanent 
field  magnets  and  supplying  alternating 
currents.  The  armature  is  rotated 
between  the  poles  of  the  magnet,  and  cur- 
rent from  the  commutator  is  taken  by 
brushes. 

Alternation* — ^The  word  from  which  the 
term  alternator,  etc.,  is  derived,  meanine 
passage  from  one  condition  to  another  and 
back  again;  in  the  alternating  current  cycle 
it  is  the  haif  period. 

Alternative  Path* — A  course  taken  by  a 
disruptive  discharge  through  a  medium 
offering  less  resistance  than  the  direct  con- 
ducting path;  a  short  circuit. 


• — ^The  chief  constituent  of  all 
days,  and  widely  and  abundantly  diffused 
over  the  globe.  It  is  naturally  a  pure 
white  unshapen  substance  and  the  basis  of 
aluminum. 


• — A  metal  of  a  silvery  white 
color;  much  used  for  electrical  conductors, 


etc.i  on  account  of  its  lightness,  also  in 
allo3rs  with  copper  to  form  a  tenacious  non- 
corrodible  bronze.  It  abounds  in  nature  in 
the  form  of  hydrates  and  silicates,  the  latter  com- 
prising the  various  clavs,  but  is  commercially  pre- 
Eared  oy  the  aid  of  electricity  from  ciyolite  and 
auxite.  The  metal  is  not  corroded  by  atmos- 
pheric influences  or  fresh  water,  also  resisting 
nitric  acid,  but  is  decomposed  by  alkalis,  in  sea 
water,  and  by  dilute  sulphuric  acid:  it  is  malleable, 
ductile  and  sonorous,  also  a  good  conductor  of 
heat  and  electricity. 

Aluminum  Bronse* — A  beautiful  golden 
colored  bronze,  composed  of  90  parts  cop- 

Esr  to  10  of  aluminum.  Its  tenacity 
rgely  depends  upon  the  purity  of  the  cop- 
per from  which  it  is  alloyed.  Aliuninum 
Dronze  wires  are  free  from  corrosion,  hence, 
they  are  suitable  for  guy  wires  in  a  system  of  over- 
hesid  construction,  but  the  low  conductivity  of 
bronse  excludes  them  from  use  as  line  wires. 

Aluminum  Wire* — An  electric  conductor 
composed  of  commercially  (99%)  pure  alu- 
minum. As  compared  with  copper,  alumi- 
niun  wire  has  62%  conductivity  and  costs 
more  than  twice  as  much  per  pound,  yet 
its  weight  is  only  50%  that  of  copper 
wire. 

Alundum* — Artificial  corundum  made  in 
the  heat  of  an  electric  furnace;  used  as  an 
abrasive.  • 

Amalffam* — A  combination  of  mercury  or 
quicksilver  with  other  metals. 

Amalgamation  of  Zinc* — ^The  applica- 
tion of  a  coating  of  mercury  to  the  zinc 
plate  of  a  voltaic  cell,  thereoy  forming  an 
alloy  which  prevents  the  local  action  luible 
to  arise  from  impurities  in  the  zinc. 

Amalffam  Bond* — A  form  of  railway  track 
bond,  employing  a  spiral  spring  containing 
a  soft  amalgam  placed  between  the  fish- 
plate and  rail. 

Amber* — A  yellowish,  or  reddish  brown 
translucent  fossil  resin,  easily  electrified  by 
friction. 

Ambroin* — ^A  trade  name  for  an  insulating 
compoimd  formed  by  mixing  together  fossil, 
copal,  mica  and  other  ingredients,  ana 
heating  the  mixtiu^  under  pressure.  Am- 
broin has  the  following  characteristics 
claimed  for  it:  it  will  resist  extreme  high 
temperatures;  is  not  affected  by  moisture; 
can  DC  moulded  and  machined,  and  will  not 
shrink. 

American    Telegrapliic    Code* — ^T  h  e 
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American  **  Twist  Joint/* — ^A  simple 
method  of  comiecting  the  ends  of  two  sec- 
tions of  wire  by  tightly  twisting  the  ends 
around  each  other  for  a  few  turns;  the 
Western  Union  wire  joint, 

American  Wire  Ganffe* — The  Brown 
&  Sharpe  wire  gauge,  generally  used  as  a 
standard  in  the  United  States,  especially 
for  copper  wire.  It  ranges  from  No.  0000, 
with  a  diameter  of  .46  in.  to  No.  36,  with 
a  diameter  of  .005  in. 

Ammeter. — A  device  for  measuring  the 
number  of  amperes  which  are  passing 
through  a  current  and  showing  the  same  by 
direct  reading  on  a  scale.  The  ammeter  is 
a  commercial  form  of  galvanometer  in 
which  the  deflections  (or  twistings)  of  a 
magnetio  needle  are  valued  in  amperes.  Am- 
meters are  made  in  varioua  forms,  based  upon  sev- 
eral different  principles,  among  which  are.  (1) 
Permanent-magnet  ammeters.  (2)  electro-magnet 
ammeters,  (3)  spring  ammeters,  (4)  graxity  am- 
meters. Many  ammeters  consist  of  moving  coil 
milli-voltmeters  connected  to  the  terminals  of 
shunts  tiirough  which  the  currents  to  be  measured 
are  passed.  The  shunts  are  made  of  a  high 
resbtance  aUoy,  and  since  the  resistance  remains 
constant  the  drop  in  potential  between  its  termi* 
nals  will  be  proportional  to  the  currents  paasing 
through  tiie  shunts.  This  type  is  used  for  direct 
currents  only.  For  alternating  currents  the 
electro-magnetic  system  is  generauiy  employed- 

Ammeter  PaneL — ^Tfie  panel  of  a  central 
station  switchboard  upon  which  the  prin- 
cipal ammeter  is  mounted. 

Ammonia. — A  colorless  gas  with  a  charac- 
teristic pungent  odor  (hartshorn),  and  a 
marked  alkaline  taste.  Tt  has  a  specific 
gravity  of  8.5  (hydrogen  being  1)  and  is 
fighter  than  air.  It  bums  in  oxygen,  pro- 
ducing water  and  nitrogen,  and  is  a  power- 
ful base,  combining  with  all  acids  to  form  salts. 
Ammonia  is  easily  liquefied  at  ordinarv  tempera- 
tures, a  pressure  of  seven  atmospheres  being  suffi- 
cient; it  is  also  the  most  soluble  of  gases,  one  vol- 
ume of  water  dissolving  over  800  volumes  of  it  at 
ordinary  temperature. 

Ammonium  Chloride* — ^Also  known  as 
ecH  ammoniac  and  as  mwriaie  of  ammonia, 
A  white  solid  obtained  whenever  hydro- 
chloric acid  and  anunonia  are  brought  to- 
other; it  is  usually  produced  by  neutral- 
izing the  distillate  from  ammoniacal  gas 
liquor  with  this  acid,  concentrating  the  resulting 
liquid.  It  is  also  found  in  volcanic  deposits,  and 
was  the  first  ammonium  salt  discovered.  It  is 
largely  used  in  electric  work  as  the  electrolyte  in 
Leclanch^  primary  celL 

Ammonium  Chloride  Cell. — A  type  of 
primary  cell  for  open  circuit  work  navine 
zinc-carbon  electrodes  and  an  electrolyte  of 


ammonimn  chloride  (sal  ammoniac).  The 
Leclanch^  cell  is  an  example  of  this  type. 

Ammortisseur. — ^An  arrangement  of  cop- 
per rods  in  the  pole  faces  of  a  dynamo  so  as 
to  dampen  the  oscillations  of  the  magnetic 
flux  at  the  commutator,  and  thus  reduce 
the  tendency  to  sparking  at  the  brushes. 

Ammunition  Hoist*  Electric* — ^An  elec- 
trical apparatus  for  hoisting  ammimition  to 
the  guns  of  a  warship. 

Amorphous. — Having  an  uncrystalline 
structure;  without  determinate  shape; 
structurally  unshapen;unshaped;  as,  amor- 
phous slag,  etc. 

Amperag^e. — ^The  strength  of  an  electric 
current  measured  in  amperes. 

Ampere* — ^The  practical  unit  of  electric 
current:  it  is  the  current  produced  by  an 
electro-motive  force  of  one  volt  in  a  circuit 
ha V  ing  a  resistance  of  one  ohm.  An  ampere 
is  that  quantity  of  electricity  which  will  de- 
posit .005084  grain  of  copper  per  second, 
it  is  one-tenUi  the  absolute  Cf.  G.  S.  unit  of  cui^ 
rent  strength  Current  in  amperes  equals  pres- 
sure in  volts  divided  by  resistance  in  ohms,  or 
again,  electro-motive  force  equals  resistance  multi- 
plied by  current;  and  agam.  resistance  equals 
electro-motive  force  divided  by  the  current:  thus, 
it  will  be  seen  that  these  terms  are  dependent  upon 
each  other,  and  that  their  relation  to  each  other 
is  expressed  by  this  law.  These  are  written  in 
three  ways:  ^ 

LC.  =  | 

2.    E.  =  C  X  R,  or 

a   R.  =  ^ 

If  one  volt  will  force  one  ampere  of  current  through 
a  circuit  having  one  ohm  resistance  it  will  take 
five  volts  to  force  five  amperes  through  the  same 
circuit.  If,  this  resistance  should  be  mcreased  to 
five  ohms  it  would  take  five  times  five  amiierps 
for  the  proper  number  of  volts  to  force  the  amperes 
through,  which  would  be  25  volts.  From  this  it 
can  be  seen  that  it  is  very  easy  to  obtain  any  one 
of  these  quantities  when  we  have  the  other  two. 

Ampere* Andre  Marie  — Bom  1775,  died 
1836.  A  French  physicist,  distinguished 
for  his  researches  in  electro-dynamics.  He 
first  propounded  the  theory  of  electro- 
dynamics (1820),  known  as  Ampere's 
theory.  Ampere  was  the  inventor  of  the 
astatic  needle.  He  was  the  first  to  show  that  two 
parallel  conductors  carrying  currents  traveling  in 
the  same  direction  attract  each  other,  while  if 
traveling  in  opposite  directions  repel  each  other. 
He  also  formulated  the  theory  tuat  there  were 
currents  of  electricitv  circulating  in  the  earth 
in  the  direction  of  its  diurnal  revolution  which 
attracted  the  mncnetic  needle  and  advanced  the 
view  that  electricity  and  magnetism  were  identi- 
oaL 
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Ampere  BaUtnee. — An  ammeter  in  the 
form  of  a  balance  or  scales.  These  balances 
are  made  with  different  capacities  for 
different  current  strengths. 

Ampere  Centimeter. — ^The  magnetic  flux 
caused  by  a  current  of  one  ampere  passing 
through  a  distance  of  one  centimeter. 

Ampere  Foot. — A  unit,  in  which  the  cur- 
rent strength  in  amperes  is  multiplied  by 
the  distance  in  feet  to  which  the  current  is 
conveyed;  used  for  estimating  drop  of  vol- 
tage in  the  electric  circuit. 

Ampere  Hour. — ^For  commercial  purposes, 
a  larger  unit  of  electrical  quantity  than  the 
coulomb;  it  represents  the  quantity  of  elec- 
tricity passed  by  one  ampere  of  current  in 
one  hour;  being  equal  to  3600  coulombs. 

Ampere  Honr  Efllciency  of  StortLge 
BatteiT*. — ^The  ratio  of  the  ampere  hours 
obtained  from  a  storage  battery  to  the 
ampere  hours  required  to  charge  it;  the 
quarUUy  efficiency  as  distinguished  from  the 
energy,  or  watt  hotar  efficiency. 

Ampere  Hour  Meter. — A  meter  for  de- 
termining the  amoimt  of  elec^cal  power 
consumed,  measured  in  ampere  hours. 

Ampere  Hour  Output  of  Stora^  Bat- 
tery.— The  electrical  output  of  a  storage 
battery,  measured  in  ampere  hours. 

Ampere  Meter. — 1.  An  instrument  which 
measures  the  current  strength  directly  in 
amperes.    Also  called  ammeter. 

2.  The  product  of  one  ampere  times  one 
meter,  i.  e.,  one  ampere  meter  is  a  current  of 
one  ampere  strength  flowing  through  a  con- 
ductor one  meter  long. 

Ampere  Minute. — A  unit  of  electrical 
quantity  representing  the  quantity  of  elec- 
^icity  passed  by  one  ampere  in  one  minute. 

Ampere's  Rule  for  Deflection  of 
Needle. — "  If  one  swims  with  the  current 
and  looks  at  the  plus  (+)  or  north  seeking 
pole  of  a  magnetic  needle  it  will  be  deflected 
to  the  left,  while  the  negative  ( — )  or  south 
seddng  pole  will  be  urged  to  the  right." 

Ampere's  Theory  of  Magnetism. — A 

theory  advanced  by  Ampere  that  around 
each  molecvle  of  a  magnetic  substance  there 
circulates  continually  an  electric  ciurent 
and  that  the  process  of  magnetization  con- 
sists in  arranging  these  currents  so  that 
they  all  take  the  same  direction. 


Ampere  Turns* — ^A  total  of  magnetic 
force  equal  to  the  product  of  the  number  of 
turns  in  a  magnetic  coil  by  the  current 
stren^  in  amperes. 

Ampere  Volt. — ^A  term  sometimes  used 
for  the  unit  of  electrical  power;  a  vjalt. 

Amperian  Currents. — ^The  currents  con- 
ceived in  Ampere's  theory  of  magnetism  to 
be  constantly  circulating  around  each  mole- 
cule of  a  magnetic  substance;  atomic  or 
molecular  currents. 

Amplitude  of  Simple  Harmonie  Mo- 
tion.— The  greatest  distance  of  an  oscil- 
lating point  from  its  mean  position. 

Amplitude  <»f  Vibration. — ^The  maxi- 
mum value  of  a  vibrating  or  wave  motion 
on  either  side  of  its  zero  point. 

Amygdaloid. — A  trap  rock  of  igneous 
origm  and  complex  structure,  deriving  its 
name  from  little  almond  like  pits  of  softer 
material  found  throughout  the  mass.  In 
the  Lake  Superior  region,  copper  bearing 
amygdaloids  frequently  show  native  copper 
in  these  pits  or  amygdules, 

Amyl-aoetate. — A  distilled  mixture  of 
amyl-alcohol,  sulphuric  acid  and  sodium 
acetate.  It  is  used  as  the  illuminant  in 
the  Hefner-Alteneck  amyl-acetate  stand- 
ard lamp. 

Amyl-aeetate  Lamp. — A  form  of  stand- 
ara  lamp  employed  in  photometry,  having 
a  wick  saturated  with  amvl-acetate  ad- 
justed to  produce  a  flame  of  given  height. 

Amy'loid. — A  preparation  for  incandescent 
lamp  filaments;  it  consists  of  a  thread 
formed  by  a  solution  of  cellulose,  or  a  cot- 
ton thread  which  has  been  dipped  into  sul* 
phiu'ic  acid  and  parchmentized  or  converted 
mto  a  state  resembling  cellulose. 

Amyloid  Filament. — A  n  incandescent 
lamp  filament  composed  of  an  amyloid 
thread. 

Analysis. — In  chemistry,  the  resolution  of 
a  compound  into  its  parts  or  constituent 
elements.  Such  analysis  may  be  qualita- 
tivej  showing  the  nature  of  the  various 
bodies  onlv,  proving  their  presence  by  tests; 
or  it  may  be  quantitative,  in  which  the  exact 

groportiona  of  the  different  constituent?  are  ascer- 
lined  by  a  series  of  refined  eliminatory  prooeMea 
aooompaaied  by  weighing  on  delicate  balances. 
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AnaJjrsis,  Electric. — ^The  resolving  of  a 
substance  into  its  elements  by  means  of 
electricity. 

Anchor. — ^Tie  wires  employed  in  a  trolley 
system  for  binding  the  trolley  wire  to  the 
posts  in  order  to  give  it  the  proper  tension. 

Anchored  Filament. — A  filament  for  in- 
candescent lamps  exposed  to  excessive  vi- 
bration; as,  on  shipboard,  railway  cars,  etc., 
which  is  so  supported  that  it  cannot  suffer 
injury  because  of  the  vibration. 

Anchor  Loff . — ^A  log  buried  in  the  earth, 
or  sunk  in  concrete,  to  act  as  an  anchor 
for  the  guy  wires  of  a  telegraph  pole. 

Anchor  Plugf  Receptacle. — A  variety 
of  wall  socket  for  an  incandescent  lamp. 

Anchor  Strain  Ear. — A  trolley  ear  for 
holding  an  overhead  trolley  wire  at  the 
proper  tension. 

Anemometer. — ^An  instrument  for  measur- 
ing the  velocity  of  the  wind ;  a  wind  gauge. 

Aneroid  Barometer. — ^An  instrument  for 
indicating  atmospheric  pressure.  The  ac- 
tion of  the  aneroid  depends  on  the  pressure 
of  the  atmosphere  on  a  circular  metallic  box 
hermetically  sealed  and  having  a  slightly 
elastic  top,  the  vacuum  serving  the  same 
purpose  as  the  column  of  mercuiy  in  the 
ordmary  barometer. 

An^le. — ^The  difference  in  direction  be- 
tween two  intersecting  lines. 

An^le  Box. — ^In  conduit  work,  a  metal 
box  of  rectangular  cross  section  having  its 
ends  containing  the  outlets  at  right  angles. 
The  box  is  lined  with  an  insulating  material 
and  is  used  for  splicing  or  "  puUing-in  "  con- 
ductors. 

Anflfle  of  Declination. — ^The  angle  be- 
tween the  magnetic  meridian  of  a  place 
and  its  geographic  meridian,  as  shown  by 
the  deviation  of  the  magnetic  needle;  the 
angle  of  varialion, 

Anflfle  of  Dip. — ^The  angle  which  a  mag- 
netic needle  makes  with  the  horizon  when 
the  vertical  plane  in  which  it  turns  corres- 
ponds with  the  magnetic  meridian;  the  an- 
gle of  inclination;  the  dip. 

Angle  of  Inclination. — ^The  angle  formed 
by  a  magnetic  needle  with  a  horizontal  line 


passing  through  the  point  of  support  of 
the  needle,  v/hen  the  latter  is  free  to  move 
in  a  vertical  plane.  Also  called  angle 
of  dip. 

Anjg^le  of  Lag. — In  an  alternating  current 
circuit,  an  angle  which  shows  the  amount 
by  which  the  phase  of  the  active  compo- 
nent falls  behind  the  total  current. 

Anffle  of  licad. — 1.  The  angle  through 
which  the  commutator  brushes  are  moved 
out  of  the  normal  plane,  for  the  purpose 
of  obtaining  sparkless  commutation. 

2.  In  valve  motion,  the  angle  which  a 
line,  drawn  through  the  centres  of  the 
shaft  and  erank  pin,  makes  with  the  cylinder 
axis  when  admianon  begins.  Used  in  valve 
motion  analysis  by  the  Zeuner  diagram. 

Anffle  of  Torsion. — ^The  angle  through 
which  one  end  of  a  body,  as  a  silk  fiber  or 
wire,  is  twisted  while  the  other  end  is  held 
fast.  The  torsion,  due  to  the  twisting, 
forms  the  controlling  force  in  the  operation 
of  some  of  the  electrical  measuring  instru- 
ments. 

Annlar  Acceleration. — The  rate  at 
which  the  angular  velocity  of  a  body 
increases  per  unit  of  time. 

AnguiskT  Advance. — A  term  relating  to 
steam  engine  valve  gear.  It  is  the  acute 
angle  made  by  a  line  passing  through  the 
center  of  the  shaft  and  center  of  the  eccen- 
tric, with  a  line  passing  through  the  center 
of  the  shaft  and  perpendicular  to  the  line 
joining  the  center  of  the  shaft  and  the  center  of  the 
crank  pin.  Its  magnitude  depends  on  tiie  lead 
and  outside  lap  of  the  valve. 

Angular  Velocity. — The  speed  of  a  turn- 
ing body,  or  one  revolving  in  a  vertical 
plane;  as,  a  shaft  or  crank,  usually  do- 
scribed  in  circular  measure,  or  as  the  num- 
ber of  radians  passed  through  in  one 
second.  Thus,  a  wheel  engine  flywheel 
mft.lfing  three  revolutions  per  second  would  have 
an  angular  velocity  of  360  z  3  degrees  or  300  x  3 
-r  57.28  radiafu. 

Anhydride. — A  class  of  chemical  com- 
pounds which  are  regarded  as  molecules  of 
water  from  which  the  hydrogen  has  been 
taken  and  an  acid  or  basic  element  has 
been  substituted  for  the  hydrogen. 

Animal  Electricitjr. — Several  species  of 
creatures  inhabiting  the  water  nave  the 
power  of  producing  electric  discharges  by 
certain  portions  of  their  organism.  The 
best  known  of  these  are  the  Torpedo,  the 
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Gymnoiua,  and  the  SUuruaj  found  in  the 
Nile  and  the  Niger.  Tlie  Electric  Ray  la  provided 
ivith  an  electric  onan  consiatinc  of  laminn  oom- 
poeed  of  polygonal  cells  to  the  number  of  800  or 
lOOO,  or  more,  supplied  with  four  large  bundles  of 
nerve  fibres;  the  imder  surface  of  the  fish  is  — , 
the  upper  +.  In  the  Surinam  eel,  the  electric 
ozgan  ytoes  the  whole  length  of  the  body  along 
both  sides.  It  is  able  to  give  a  veiy  severe 
shock,  and  is  a  formidable  antagonist  when  it  has 
attained  its  full  loigth  of  5  or  6  feet. 

Animal  Mai^etisia* — ^A   term  formerly 
applied  to  hypnotism  or  mesmerism. 


Oils. — Lubricating  oils  for  ma- 
chinery obtained  from  animal  tissues,  the 
principal  being  sperm,  ordinary  whale, 
neatsfoot,  seal.  Tne  animal  oils  do  not  dry 
and  therefore  do  not  gum,  but  thev  decom- 
pose and  generate  fatty  acids  which  corrode 
metal  work  with  which  they  come  in  con- 
tact and  produce  also  residual  deposits. 

Anion. — ^The  non-metallic  radical,  or  ion 
which  appears  at  the  anode,  or  positive 
dectrode,  in  an  dectrolytic  cell;  the  dectro- 
negative  component. 

Anisotropic* — Having  different  electrical, 
optical  and  other  physical  properties  in  dif- 
ferent directions;  oppk)6ed  to  iaotropic;  non- 
isotropic;  seolotropic. 

Anisotropic  Condnctor* — A  conductor 
which  has  different  conducting  properties 
in  different  directions   througn  its  mass. 

Anisotropic  Dielectric. — A  dielectric 
which  is  une<}ual  in  its  electrical  properties 
in  different  directions. 

Anisotropic  Medium. — ^A  medium  which 
produces  different  effects,  in  electrical  or 
other  qualities,  in  different  directions. 


^. — The  process  of  slowly  cool- 
ing carbon  steel  after  gradually  heating 
it,  so  as  to  render  it  soft  for  working,  the 
metal  being'  usuallv  protected  from  con- 
tact with  the  air.  In  hard  steel  the  carbide 
of  iron  or  cementite  is  in  solution;  in  pure 
Iron,  heating  causes  the  cementite  to  sepa- 
nste  from  the  solution,  and  annealing  pennits 
the  two  constituents  to  remain  separate,  thus  giv- 
ing soft  steeL  The  process  of  softening  by  heat- 
fng  and  then  slowly  cooling,  applicable  to  glass, 
Iran,  eopper,  etc. 

AM«>^f^.n«g^  Fomaco* — A  furnace  in  which 
metals  are  heated  nearly  to  fluidity,  and 
then  allowed  to  cool  slowly,  so  as  to  render 
them  less  brittle  or  to  make  them  malleable; 
or,  as  with  g^ass,  a  furnace  in  which  the 
halt  is  retained  for  a  considerable  period  in 


order  that  the  process  of  cooling  may  be 
protracted. 

Annealing  Pot* — A  closed  pot  set  in  a 

furnace,  and  used  for  exposing  an  object  to 

heat  without  forming  a  scale  of  oxide.    Pots 

for  annealing  wire  are  made  ring  shaped,  so 

as  to  receive,  with  as  little  vacant  space  as 

possible,  the  wire  which  is  coiled  therein. 
The  smaller  the  amount  of  air  in  the  cloaed  pot,  the 
less  the  deterioration  of  the  wire  by  exposure  of  its 
heated  surface. 

Annnal  Load  Factor. — ^The  ratio  of  the 
average  daily  out-put  of  an  electric  plant 
for  one  year  to  the  maximum  out-put  at 
any  one  time. 

Annnal  Variations. — The  periodic  varia- 
tions of  the  earth's  magnetic  dedination 
which  occur  each  year. 

Annular. — Pertaining  to,  or  having  the 
form  of  a  ring;  forming  a  ring;  ringed;  ring 
shaped. 

Annular  VLmgnet. — A  ring  shaped  magnet. 

Annular  Space. — ^The  ring  like  sp^ace  con- 
tained between  two  concentric  circles  or 
cylinders. 

Annunciator. — A  fitting  attached  to  an 
electric  or  pneumatic  call  system,  in  which 
a  shutter,  tailing  in  one  of  a  series  of  win- 
dows in  a  frame,  discloses  number  of 
the  telephone  subscriber,  apartment,  etc., 
whence  the  call  has  been  made. 

Annunciator  Clock,  Electric. — An  elec- 
tric clock  operating  an  annimciator,  and 
closing  certam  circuits  at  set  times. 

Annunciator  Drop. — ^A  signal  box  con- 
taining a  number  of  small  shutters,  the 
fall  of  any  one  of  which,  effected  by  the 
opening  or  closing  of  a  circuit  containing  a 
particular  electro-magnet,  indicates  whence 
the  call  was  sent. 

Anode. — 1.  The  positive  electrode  in  an 
electrolytic  cell,  the  one  by  which  the  cur- 
rent enters,  and  which  is  dissolved  away. 
2.  The  positive  electrode  of  a  vacuum 
tube. 

Anodic. — ^Pertaining  to  the  conductor  or 
plate  of  a  decomposition  ceU  connected 
with  the  positive  terminal  of  a  battery,  or 
other  electrical  source. 
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Anodie  Rays* — ^The  radiation  from  the 
anode  or  positive  electrode  in  a  vacuum 
tube. 

Anomalons  Helix. — A  helix,  or  solenoid, 
wound  in  such  a  manner  about  its  core  as 
to  make  an  anomalous  magnet. 

Ansirering^  Board* — ^A  separate  panel  at 
the  lower  part  of  a  multiple  telephone 
switchboarci  on  which  the  answering  jacks 
are  mounted^ 

Answering  Call  Box* — ^A  call  box  in 
which  a  signal  is  given  to  indicate  that  a 
call  has  been  properly  received  at  the  sta- 
tion. 

An8weriii|gf  Jack* — In  a  multiple  tele- 
phone switchboard,  an  additional  jack  pro- 
vided for  each  line  on  the  particular  section 
at  which  that  line's  drop  is  located,  and 
placed  in  a  separate  panel  in  the  lower  part 
of  the  board. 

Answerinp^  Plnff* — ^In  a  multiple  tele- 
phone switchboard,  a  contact  plug  which 
the  operator  introduces  into  an  answering 
jack  m  order  to  ascertain  from  a  calling 
subscriber  the  number  of  the  subscriber 
wanted. 

Antenna. — ^In  wireless  telegraphy,  the  re- 
ceiving aerial  or  group  of  electric  conductors 
supported  on  a  lofty  mast  at  the  receiving 
station  for  gathering  the  transmitted  waves 
and  carxying  them  to  the  receiving  instru- 
ment.   Plural,  antennse. 

Anthraoite* — A  hard  coal  containing  90  to 
95%  of  carbon,  and  very  little  hydrocar- 
bons, consequently  burning  without  smoke, 
and  a  short  flame.  The  different  sizes  of 
screened  anthracite  coal  may  be  taken  as 

follows:  egg^  2i-l}ins.;  sUrvCf  IJ-IJ  ins.: 
cheitniA,  li-^  inch:  pea^  2H  inch;  hvacwheai^  ^-f 
inch;  ric0,  |-i  inch.  Lump  and  broken  coal  are 
larger  sixes  than  egg. 

Anti-cathode* — ^In  an  X-ray  tube,  a  sec- 
ond aluminum  plate  fixed  near  the  middle 
of  the  bulb,  upon  which  the  rays  from  the 
cathode  are  focussed. 

Anti-coherer* — In  wireless  telegraphy,  a 
receiving  instrument  which  dispenses 
with  the  principle  of  the  coherer;  as,  for 
example,  the  electrolytic  receiver  or  re- 
sponder  of  the  De  Forest  system. 

Anti-friction  Metal. — A  term  applied  to 
the  various  tin-lead  alloys  used  to  line  jour- 
nal boxes  of  machinery;  as,  while  metal, 
babbitt  metal,  etc. 


Anti-hnm. — A  contrivance  for  reducing  the 
humming  noise  occurring  in  an  overhead 
wire  as  the  result  of  vibration;  it  consists 
of  a  galvanized  iron  shackle  set  into  the 
line  and  fitted  with  a  cushion  for  deadening 
the  vibration.  A  short  piece  of  wire  looped 
past  it  preserves  the  circuit  intact. 

Anti-inductive  Load* — A  term  some- 
times applied  to  a  load  in  which  the  current 
leads  the  voltage  across  the  load. 

Antimonioue  Lead* — An  alloy  of  antimo- 
ny with  lead  sometimes  used  for  making 
grids  for  storage  batteries. 

Antimony* — A  metal,  hard,  brittle,  resem« 
bling  tin  in  its  fracture,  and  of  a  color 
more  resembling  tin  than  lead.  Its  spe- 
cific gravity  is  6.6  and  its  melting  point 
842°  F.  (Authorities  differ  widely  on  this 
point.)  It  is  used  as  a  hardening  ingredient 
m  lead  and  tin  alloys,  such  as  babbitt  and 
various  other  anU-fnction  metals. 

Anti-nodes* — The  points  in  wave  motion 
which  vibrate  through  the  greatest  ampli- 
tude, half-way  between  the  points  at  rest, 
called  nodes 

Anti-parallel  Feeding* — ^A  method  of 
supplying  electric  current  to  a  system  con- 
taining parallel  connected  electro-receptive 
devices  in  which  a  feeder  runs  to  the  oppo- 
site ends  of  each  of  the  mains. 

Anti-parallel  System* — An  electric  dis- 
tribution in  which  the  current  is  admitted 
at  the  opposite  ends  of  the  two  conductors 
of  the  circuit  so  as  to  produce  a  potential 
difference  that  is  relatively  even  between 
the  conductors. 

Antique  Brass* — A  special  finish  given  by 
platers  to  oxidized  brass  articles,  whereby 
the  portions  in  relief  appear  dull  and  old. 


....  of  Telegraph  Key* — ^The  metallic 
surface  upon  which  the  front  end  of  a  tele- 
graph key  descends  under  pressure  of  the 
operator's  finger. 

Aperiodic. — ^The  quality  of  being  devoid  of 
periodic  motion;  as,  when  an  index  needle 
that  has  been  deflected  comes  to  rest  with- 
out swinging. 

Aperiodic  Galvanometer* — A  thorough- 
ly damped  or  dead  beat  galvanometer, 
which  gives  its  reading  with  only  a  slight 
oscillation  of  the  needle  before  coming  to 
rest. 
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Aperiodic  Voltmeter. — A  voltmeter  in 
which  an  aluminum  disk  moving  in  the 
field  of  an  electro-magnet  is  employed  to 
damp  the  deflection  of  the  needle. 

A-pole. — ^A  double  telegraph  pole  resem- 
bling the  letter  A  in  shape;  an  A-^maat, 

Apparatus. — Things  provided  as  means  to 
some  end,  especially  a  full  collection  or  set 
of  implements,  or  utensils,  for  performing 
scientific  experiments  or  operations;  as,  a 
telegraph  apparatus. 

Apparent  Coeffleient  of  Ma^pietie  In- 
duction*— ^The  apparent  permeability  or 
ratio  existing  between  the  magnetization 
produced,  and  the  magnetizing  force  pro- 
ducing such  magnetization  of  a  paramag- 
netic substance  as  influenced  by  the  exist- 
ence of  eddy  currents  in  the  substance 
itself. 

Apparent  ElBeiency. — ^The  efficiency  of  a 
machine  in  an  alternating  current  circuit 
considered  with  reference  to  its  apparent 
power. 

Apparent  Power. — In  a  reactive  alter- 
nating current  circuit,  the  product  of  the 
amperes  multiplied  by  the  volts,  as  distin- 
guished from  the  true  power  as  indicated 
by  a  watt  meter. 

Apparent  Resistance. — ^A  term  used  to 
denote  the  opposition  to  current  flow,  or 
impedance  in  an  alternating  current  circuit. 

Apparent  Watts* — ^In  an  alternating  cur- 
rent circuit,  the  product  of  the  virtual  am- 
peres multiplied  by  the  virtual  volts;  the 
apparent  energy  or  power. 

Appliances* — Instrumental  means,  aids  or 
devices;  as  the  appliancea  of  a  trade;  elec- 
trical appliances^  etc. 

Applied  Mechanics. — ^The  principles  of 
mechanics  as  applied  to  constructing  ma- 
chinery; practical  mechanics. 

Apprentice. — One  who  is  bound  by  inden- 
tures to  serve  an  electrician,  or  other  skilled 
workman,  for  a  certain  time,  with  a  view 
to  learning  the  trade,  or  occupation,  in 
which  his  master  agrees  to  instruct  him. 

Approximate. — Nearly  approaching  cor- 
rectness, not  carried  out  to  perfect  accuracy; 
as,  approximate  results,  approximate  figures. 


Appurtenance* — ^That  which  belongs  to 
something  else;  an  adjunct  or  appendage, 
something  annexed  to  another  thmg  which 
is  larger,  or  more  important;  as,  the  vibra- 
tor of  a  secondary  induction  coil. 

Apron  Grapnel. — ^A  ^ppling  iron  for 
picking  up  cables,  havmg  its  nooks  pro- 
tected by  a  metallic  apron  which  leaves 
just  space  enough  between  it  and  the  ends 
of  the  hooks  to  admit  the  cable. 

Aqna  Ammonia* — ^Water  which  oontains 
ammonia  in  solution. 


Is* — Commercial  nUric  add,  con- 
nsting  of  70%  acid  and  30%  water.  So 
called  by  the  old  alchemists  {strong  water), 
on  account  of  its  property  of  acting  on 
metals. 

Aqna  Reifia. — Royai  water,  a  mixture  of 
two  parts  nitric  acid  with  four  parts  of 
hydrochloric  acid,  so  called  by  the  alche- 
mists as  it  dissolves  gold,  "the  king  of 
metals." 

Aqnednct* — ^A  conduit  or  artificial  channel 
for  conveying  water,  especially  one  for 
supplying  cities  with  water;  also  for  power 
stations. 

Aqueous  Solution. — A  solution  having 
water  as  the  solvent. 

Araifo*  Dominique  Francois* — Born 
1786,  died  1853.  A  French  phjrsicist, 
noted  especially  for  his  discoveries  in 
electro-magnetism  (1820).  He  obtained, 
in  1825,  for  his  discovery  of  the  develop- 
ment of  magnetism  by  rotation,  the  Copley 

Medal  of  tiie  Royal  Society  of  London.  His 
attention  was  devoted  chiefly  to  astronomy,  mag- 
netism, salvanism,  and  the  polarisation  of  light. 
In  1812.  ne  began  an  interestmg  course  of  lectures 
on  astronomy,  which  attracted  all  Paris. 

Arag^o*s  Disk* — An  apparatus  to  illustrate 
the  efifect  of  induced  currenta,  as  discovered 
by  Arago  in  1824.  A  copper  disk  is  caused 
to  rotate  with  great  velocity  under  a  mag- 
netic needle,  a  sheet  of  glass  being  inter- 
posed to  prevent  air  distiu'baQces  from  the 
rotating  disk.  The  needle  is  then  seen 
to  turn  in  the  direction  of  rotation,  and,  if 
the  speed  of  the  disk  be  high  enoiigh,  finally 
to  rotate  with  it. 

Arborescent  Deposits* — Branching  de- 
posits occurring  m  electro-metalliu*gyy  re- 
sembling trees  in  shape. 
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Arc. — 1.  In  electric  lightin<;,  a  stream  of 
incandescent  vapor  connecting  the  termi- 
nals of  a  lamp  wnen  they  have  been  drawn 
apart  and  having  sufficient  E.  M.  F.  main- 
tained between  them.  The  luminosity  of 
the  arc  is  due  parti  v  to  the  vapor  which  con- 
tains volatilized  particles  from  the  termiaali,  and 
partly  to  the  incandescence  of  the  terminals  them- 
selves. 

2.  Any  flashing;  occurring  between  the  terminals 
of  an  electric  circuit  when  the  circuit  has  been 
interrupted. 

3.  Any  portion  of  the  circumference  of  a  circle, 
the  curved  boundary  of  a  segment,  or  that  part 
of  the  circumference  out  off  by  any  angle. 

Arc  Blow  Pipe. — A  blow  pipe  in  which  an 
electric  discharge  is  used  to  produce  the 
blast  of  air. 

Are  Cireuit  Cut  Out. — A  cut  out  set  in  an 

arc  light  circuit  connected  in  series,  to  pre- 
vent the.  entire  Qircuit  from  breaking  wnen 
any  lamp  happens  to  go  out. 


Arc  Circuit  Cut  Out  Box* — ^A  box  con- 
taining an  arc  circuit  cut  out. 

Arc  Cireuit-Indicator. — A  form  of  galva- 
nometer for  indicating  the  flow  of  current 
through  an  arc  lamp  circuit. 

Arch. — A  brickwork  or  masonry  structure, 
built  to  a. curved  outline,  with  wedge- 
shaped  pieces,  which  mutually  support  each 
other  wnile  the  whole  is  supported  at  either 
enci-  The  base  of  the  semi-circle  or  semi- 
ellipse  is  the  springing  line;  its  length  the 
»pan;  the  summit  of  the  curve  is  the  crown;  its 
vertical  height  above  the  springing  line  the  rise; 
the  inner  curve  is  the  irUraaoa;  the  outer  curve  is 
the  extradoa;  the  wedge  shaped  pieces  are  voiutoirs; 
the  crowning  one  which  locks  them,  the  keystone; 
the  lowest  from  which  they  rise,  the  epringera.  A 
half  of  an  arch  is  a  hauncK  or  fUink.  The  supports 
hav«^  various  namesr  heatinq  toaUa,  if  simple  verti- 
cal walls;  abulmenti,  if  thev  resist  an  oblique 
thrust;  pters,  if  they  are  simple  vertical  columns  or 
shafts.  A  eikew  arch  is  one  that  crosses  a  road  or 
river  at  an  angle. 

Arch  Gaufl^e. — An  instrument  for  measur- 
ing the  pressure  of  illuminating  gas,  where 
the  index  scale  is  in  the  form  of  an  arch. 

Arcing^. — Forming  a  voltaic  arc;  as,  at  the 
brushes  of  a  dynamo,  or  in  a  broken  cir- 
cuit. 

Are  Lamp. — A  device  for  producing  light 
by  the  voltaic  arc.  An  automatic  mech- 
anism operated  by  both  mechanical  and 
electrical  means,  is  used  to  regulate  the 
carbon  electrodes,  so  that  they  touch 
when  no  current  is  flowing  and  spring 
apart  when  the  current  is  turned  on.  Arc  lamps 
are  divided  into  aeveisl  classes;  as,  (a)  lamps 


having  fixed  parallel  carbons;  (b)  lamps  without 
regulating  mechanism;  (c)  lamps  in  which  the 
whole  current  passes  through  the  regulating 
mechanism;  (d)  lamps  having  the  regulating 
mechanism  and  the  carbons  with  their  are  in 
parallel.  Recent  improvements  have  been  made 
m  arc  lamps  in  which  the  arc  itself  has  been 
made  luminous,  which  have  become  known  as 
"flaming  arc  liunpe,"  while  comparatively^  little 
light  comes  from  the  hot  carbon  tips,  with  an 
increasea  efficiency,  nearly  ten  times  as  great  as 
with  the  standard  carbon  arc  lamps. 

Arc  Lamp  Compensator. — A  choking  coil 
introduced  into  the  circuit  of  an  arc  lamp 
to  prevent  sudden  initial  rush  of  current, 
to  minimize  variations  in  current  strength, 
and  in  other  ways  regulate  the  current  sup- 
plied to  the  are;  an  arc  lamp  resistance. 

Are  Lamp  Cut  Out. — A  switch  for  cutting 
an  arc  lamp  out  of  circuit. 

Are  Lamp  Spark  Arrester* — ^A  projector 
of  wire  gauze  sometimes  placed  around  the 
arc  to  guard  against  setting  fire  to  neigh- 
boring combustible  materials. 

Are  JAghU — The  light  of  the  voltaic  arc. 
The  term  ''arc'*  is  applied  on  account  of 
the  bow  like  course  taken  by  the  flame 
between  the  terminals  of  the  two  elec- 
trodes, and  "voltaic"  because  it  was  first 
produced  bv  the  use  of  the  battery  in- 
vented by  Volta. 

Arc  Lifl^ht  Circuit. — A  circuit,  generally 
connected  in  series,  containing  arc  lamps 

Are  Liffht  DillViser. — ^A  name  generally 
applied  to  a  type  of  opaque,  or  nearly 
opaque  reflector,  that  reflects  the  light  A 
an  arc  lamp  upward  to  the  ceiling. 

Are  Lifl^ht  Generator. — ^A  series  wound 
dynamo  for  supplying  current  to  arc  lamps. 

Are  iMight  Meter. — A  meter  for  measuring 
the  electric  current  supplied  for  arc  lighting 
purposes. 

Arc  Lig^ht  Projector. — A  reflector  used  in 
connection  with  an  arc  lamp  for  concen- 
trating and  projecting  the  hght  rays  in  « 
given  direction. 

Are  Lig^ht  Regulator. — An  automatic 
mechanism  for  keeping  the  carbons  of  an 
arc  lamp  fed  towards  each  other  as  they 
waste  away,  so  as  to  preserve  the  proper 
width  of  the  arc. 

Are  Li|f  ht  Tower. — A  tower  on  which  nu- 
merous arc  lamps  are  supported  for  wide 
outdoor  illumination. 
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Arc-lifi^ht  Transformer. — An  induction 
coil  having  primary  and  secondary  wind- 
ings and  an  iron  core;  used  in  alternating 
current  lighting  for  reducing  the  compar- 
atively high  pressure  of  the  primary  circuit 
to  the  low  pressure  of  the  secondary  circuit. 

A  traaaformer  for  this  servioe  will  have  a  laive 
number  of  turns  of  fine  wire  for  the  primary  wind- 
ing and  a  small  number  of  turns  of  coarse  wire  for 
the  secondary  windingt  the  ratio  of  turns  depend- 
ing on  the  amount  oT  voltage  reduction  required. 

Arc  of  Contact. — 1.  That  i)ortion  of  the 
circumference  of  a  puUey  which  is  in  con- 
tact with  a  belt  or  rope.  Thus,  with  two 
pulleys  of  imiform  size  the  belt  wiU  touch 
half  the  circumference  of  each,  and  the  arc 
of  contact  for  each  pulley  will  be  180°. 
2.  In  gearing,  that  part  of  the  pitch  line 
through  which  two  engaging  teeth  pass 
while  in  contact. 

Arc  of  Swin^^. — The  arc,  or  portion  of  a 
circle  described  by  the  swing  of  a  deflected 
index  needle;  as,  of  a  galvanometer  needle. 

Arc  Resistance* — ^The  resistance  to  the 
flow  of  current  offered  by  the  voltaic  arc. 
The  resistance  of  the  intervening  air  is  so 
high  that  it  causes  great  heating,  and 
hence  produces  an  intense  light.  If  the 
carbons  of  a  commercial  lamp  be  one 
thirty-second  of  an  inch  apart,  the  resist- 
ance'may  be  one  and  a  half  ohms. 

Arc  Standard  lAght. — ^A  standard  of 
light  based  upon  the  illuminating  power 
of  an  arc  light  of  definite  proportions. 

Arc  Strlklnf^  Kechanlsm* — ^The  mechan- 
ism in  an  arc  lamp  by  means  of  which  the 
carbon  points  are  separated  upon  passage 
of  the  current  so  that  an  arc  may  be  formed 
between  them. 

Arc  Switchboard. — A  switchboard  con- 
taining spring  jacks  in  which  various  cir- 
cuits terminate,  with  contact  plugs  joined 
to  dynamo  terminals,  so  that  any  dynamo 
or  group  of  dynamos  may  be  connected 
with  any  circuit  or  number  of  circuits. 

Arc  Weldinc^. — A  method  of  weldine  in 
which  the  metal  to  be  united  is  fused  by 
the  heat  of  an  electric  arc. 

Areometer* — An  instrument  for  measuring 
the  specific  gravity  of  liquids.  It  is  prac- 
tically the  same  as  the  hydrometer ^  the  only 
difference,  if  any,  being  that  the  areometer 
has  the  thermometer  within  its  own  stem, 
thus  permitting  temperature  and  gravity 
to  be  read  from  one  instrument. 


Argfand  Valve  Burner. — ^An  Argand  gas 
burner  provided  with  an  appliance  for  both 
turning  on  and  lighting  the  gas  by  electric- 
ity. 

Ar^n* — A  colorless  gas  much  resembling 
mtrogen,  which  was  discovered  as  a  con- 
stituent of  the  atmosphere  by  Lord  Ray- 
leigh  and  Professor  Ramsay  in  1894.  It  is 
present  in  ordinary  air  to  the  extent  of  0.9 
per  cent,  and  is  the  most  inert  substance 
known,  as,  up  to  the  present,  it  has  refused  to  com- 
bine with  any  other  substance.  Other  recently 
discovered  constituents  of  almospherio  air  are 
**krvpton'*  (=0.01%).  "Arfium,"  **fuon'*  and 
**  metarqon,**  but  comparatively  little  is  known 
raspectmg  them. 

Armalac. — A  trade  name  for  an  insulating 
varnish  composed  of  black  paraffin  in  a 
solution  of  petroleum  naphtha  prepared  by 
a  special  process.  It  is  free  from  acids, 
never  becomes  brittle,  and  will  absorb  oil 
without  harmful  effects. 

Armature* — 1.  A  piece  of  .steel  or  soft 
iron,  or  a  collection  of  such,  so  placed  as 
to  be  acted  upon  by  a  permanent  or 
electro-magnet. 

2.  In  a  magneto  or  dynamo,  a  core  of 
metal  around  which  is  a  wire  winding, 
constructed  to  rotate  near  the- poles  of  a  magnet. 

3.  A  piece  of  soft  iron  joming  the  poles  of 
a  horse  shoe  magnet  to  preserve  the  magnetism. 

Armature  Bars. — Heavy  bars  or  strips 
of  copper,  used  instead  of  copper  wire  as 
the  generating  conductors  in  certain  large 
types  of  drum  armature. 

Armature  Bindinf^. — Coils  of  wire  bound 
outside  the  windings  of  an  armature  to 
secure  them  against  becoming  loosened  by 
the  force  of  the  rotation. 

Armature  Bore. — ^The  oi>ening  between 
the  pole  pieces  of  a  dynamo  or  motor  within 
which  the  armature  rotates;  the  armature 
hole. 

Armature  Chambers. — Spaces  provided 
in  the  core  of  an  armature  to  admit  of  the 
winding  of  the  armature  wires;  armature 
slots. 


ature  Circuit. — ^The  path  followed  by 
the  electric  current  through  the  windings 
of  a  dynamo  or  motor  armature. 

Armature  CoiL — 1.  That  portion  of  an  ar- 
mature winding  passed  over  in  following 
the  course  of  the  winding  from  one  segment 
of  the  commutator  to  the  next. 

2.  A  section  of  armature  winding  pre- 
pared on  a  form  to  the  exact  shape  re- 
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quired  to  fit  into  the  slots  of  the  armature 
core. 

« 

Armature  Core — The  inner  laminated 
iron  body  of  a  dynamo  armature  on  which 
the  conducting  coils  are  wound. 

Amutture  Core  Disks. — Disks  punched 
out  of  sheet  iron  for  building  up  laminated 
armature  cores. 

Amubture  Covering. — A  cover,  usually 
of  canvas,  for  protectmg  an  armature  from 
dust  or  injury  when  not  in  use. 

Armature  Inductors. — The  insulated 
coils  or  bars  bound  to  the  dynamo  arma- 
ture core,  in  which  the  electromotive  forces 
are  generated  when  the  armature  is  rotated 
in  the  magnetic  field;  armature  coiUf  or 
windings. 

Armature  Loop. — One  loop  of  an  arma- 
ture winding. 

Armature  of  Cable. — A  name  sometimes 
given  to  the  outside  sheathing  of  a  cable. 

Armature  of  Condenser. — ^A  term  used 
to  denote  the  coatings  or  metallic  plates  of 
a  condenser. 

Armature  of  a  Dynamo. — ^A  metallic 
body  made  up  of  coils  of  wire  wound 
around  an  iron  core  in  which  electric  cur- 
rents are  induced  by  its  rotation  in  a  mag- 
netic field.    The  principal  types  are  the 

ring  and  the  drum  armature.  The  arma- 
ture is  the  most  vulnerable  part  of  a  dynamo,  and 
being  subjected  while  rotating,  to  various  detri- 
mental influences,  is  a  prolific  source  of  faults, 
some  of  which  may  be  enumerated  as  follows:  (a) 
Short  circuits,  (b)  grounds  in  armature,  (e)  dis- 
connections in  armature  circuit. 

Armature  of  Holts  Machine. — Small 
tongues  of  paper,  serving  the  purpose  of 
replenishers,  which  project  through  the 
wmders  in  the  stationary  glass  plate. 

Armature  of  Kanet. — ^A  piece,  or  mass, 
of  soft  iron  or  steel  placed  across  the  poles 
of  a  horse  shoe  magnet  to  act  as  a  "  keeper," 
by  which  the  magnetization  is  preserved. 

Armature  Pinion. — A  pinion  carried  on 
the  shaft  of  a  motor  which,  together  with  a 
gear  wheel,  constitutes  the  reduction  gear- 
ing. 

Armature  Pockets. — ^Recessed  spaces  in 
the  core  of  an  armature  to  admit  the  wind- 
ing coils;  armature  slots. 


Armature  Projections. — Parts  of  the 
surface  of  a  slotted  armature  which  project 
beyond  the  windings  sunk  in  the  slots  or 
bores. 

Armature  Reactions. — Certain  reactions 
aeainst  the  magnetic  circuit  of  a  dynamo 
which  arb  established  by  the  rotation  of  the 
armature. 

Armature  Slots. — Slots  in  the  core  of  an 
armature  to  admit  the  winding  coils;  armc^ 
lure  pockets  or  chambers. 

Armature  Spider. — A  metallic  frame 
with  radial  arms  for  supporting  an  annature 
upon  its  shaft. 

Armature  Stampin^^s. — Disks  stamped 
or  punched  out  of  sheet  iron  for  building 
up  armature  cores;  armature  core  disks. 

Armature  Turns. — ^The  turns,  or  loops,  of 
the  armature  windings. 

Armature  Varnish. — An  insulating  var- 
nish sometimes  used  for  coating  the  arma- 
ture windings  as  a  protection  against  mois- 
ture. 

Armature  Windings  Space. — Recesses 
provided  in  an  armature  core  for  the  arma- 
ture windings. 

Armored  Cable. — ^A  cable  having,  in  ad- 
dition to  its  insulating  material,  a  pro- 
tective sheathing  of  wire  or  metal  tubing. 

Armored  Concrete. — Concrete  which  is 
reinforced  or  strengthened  by  the  incorpora- 
tion of  suitably  disposed  steel  bars  and 
rods;  the  reinforcement  being  arranged  to 
utilize  the  superior  tensile  strength  of  the 
metal,  while  the  compressive  stresses  are 
designed  to  be  borne  by  the  concrete  itself; 

also  called,  rtinforced  concrete, 

* 

Armored  Conductor. — A  conductor  pro- 
tected by  a  metallic  sheathing. 

Armored  Hose. — Hose-pipe  strengthened 
b^  an  external  protection  of  spirally  coiled 
wire. 

Armored  Pump  Valves. — India-rubber 
valves  moulded  upon  an  internal  disk  of 
sheet  steel.  The  disc  is  stamped  with 
notches  and  projections,  and  copper  plated 
to  secure  the  adhesion  of  the  ruDDer,  which 
is  vulcanized  after  moulding. 

Armor  of  Cable. — ^The  metallic  sheathing 
provided  for  the  protection  of  subman,ne  or 
other  cables. 


Arms  of  Balance  or  Bridge. 


19 


Aih  PU, 


Arms  of  Balance  or  Bridg^e* — ^The  three 
known  resistances  which,  together  with  the 
unknown  resistance  to  be  measured,  form 
the  system  of  conductors  in  a  Wheatstone 
bridge. 

Armsironir*  Sir  Wat.  6. — ^Bom  at  New- 
castle-on-Tyne,  Nov.  26,  1810,  son  of 
William  Annstrong,  a  merchant.  He  was 
sent  to  school  first  at  Whickam,  thence  to 
the  grammar  school,  fie  invented  a  hydro-' 
deetric  machine  for  the  production  of  nigh- 
ten^ion  electricity^  which  made  him  famous,  also 
leading  to  his  bcios  elected  fellow  of  the  Royal 
Society,  in  1843.  being  proposed  by  Faraday. 
His  hydraulic  inventions,  inciudia^  a  crane  and 
accumulator,  met  with  much  success.  In  18.54 
he  invented  a  eun  with  which  his  name  is  popu- 
larly associateoT 

Army  Telenaph* — ^A  telegraphic  outfit 
suitable  for  neiause  during  military  opera- 
tions. 

Arrester  Plate. — One  of  the  metallic 
plates  of  a  comb  lightning  arrester,  espe- 
cially the  one  connected  to  ground. 

Arrheniusr— Noted  for  his  theory  that  a 
substance  whose  aqueous  solution  is  ca- 
pable of  conducting  electricitv,  is  broken 
up  into  parts  or  ions  charged  some  with 
positive  others  with  negative  electricity. 
This  theory  is  known  as  the  theory  of 
electrolytic*  dissociation.  In  1903  he 
received  the  Nobel  prise  for  achievements 
in  the  field  of  chemistry. 

ArriTal  Carre* — In  submarine  cable 
working,  a  curve  illustrating  the  slow 
growth  of  the  current  at  the  end  of  the  line. 
This  slow  growth  is  largely  obviated  by  the 
use  of  condensers. 

ArriTln^  Current  of  Telegraphic  Cir- 
cuit.— The  current  at  the  remote  end  of  a 
telegraphic  line  at  the  point  where  the 
wire  meets  the  earth. 

Artificial  Cable. — ^In  duplex  submarine 
cable  working,  a  series  of  resistance  coils 
combined  with  condensers  to  produce  a 
balance  in  resistance  and  capacity  with  the 
real  cable,  and  corresponding  to  the  arti- 
ficial line  in  overland  telegraphy. 

Artificial  Carbons. — ^Manufactured  car- 
bon rods  for  arc  lamps.  There  are  a  great 
variety  of  methods  of  manufactiure;  but, 
in  general,  graphite  from  gas  retort  carbon 
is  used  as  the  basis,  being  ground  up  and 
mixed  with  pure  carbon  powder,  after 
which  a  paste  is  formed  by  tne  use  of  some 


adhesive  mixture,  and  the  rods  are  shaped  by 
moulding,  squeezing  or  forcing  through  a  die  plate. 

Artificial  Faolt  in  Cable.~A  fault  inten- 
tionally created  in  a  cable  for  the  purpose 
of  making  experimental  tests. 

Artificial  Tllnmiwation. — Lighting  by 
artificial  means. 

Artificial  Line. — ^In  duplex  telegraphy,  a 
set  of  coils  of  fine  wire  of  high  resistance 
designed  to  balance  the  resistance  of  the 
main  line;  a  rheostat  or  resistance  box. 

Artificial  Ka^^et. — A  magnet  which  has 
magnetism  acc|uired  by  an  artificial  process 
of  magnetization,  as  distinguished  from  a 
rudvrat  magnet  or  magneUte;  sometimes 
called  lodestone. 

Artificial  Stone. — A  mass  resembling  con- 
crete, but  saturated  with  an  impervious 
material,  which  is  moulded  into  paving- 
flags,  steps,  balustrades  and  such  trimming 
or  finishing  pieces  as  lintels,  quoins,  window 
sills,  door  steps,  etc. 

Aflbestofl. — A  fibrous  variety  of  ferro-mag- 
nesium  silicate,  the  fibers  being  usually  so 
fine  as  to  be  flexible  and  easily  separated 
by  the  finger.  It  is  found  in  Italy,  Canada, 
Cape  Colony,  United  States  and  elsewhere. 
Asoestos  is  extremely  incombustible  and 
its  fibrous  nature  permits  it  to  be  spun  into  yam, 
which  may  be  plaited  to  fonn  piston  rod  packings, 
eto. 

Asbestos  Cartridf^. — A  fireproof  cover- 
ing for  the  fuse  in  cut  outs,  encasing  the 
fuse  from  ferrule  to  ferrule.  As  soon  as 
the  fuse  blows,  the  asbestos  closes  the  path 
and  renders  an  arc  impossible. 

Asbestos  Porcelain. — A  porous  com- 
poimd  containing  asbestos  and  resembling 
porcelain,  for  making  the  porous  jars  for 
voltaic  ceUs. 

Asbes. — A  general  term  for  the  unbumt 
matter  remaining  after  the  combustion  of 
any  fuel,  it  comprises  incombustible  mineral 
constituents,  dirt  admixed  with  the  fuel, 
and  some  unconsumed  fuel.  The  nature  of 
the  ashes  depends  upon  that  of  the  fuel  and 
the  method  of  combustion. 

Ash  Pit. — ^The  space  beneath  the  fire  bars 
in  a  furnace.  As  normally  made,  it  consti- 
tutes a  dry  ash  pit;  when  a  trough  is  olaced 
below  the  bars  to  cool  them  by  evaporation 
of  a  sheet  of  water,  it  is  said  to  be  a  wet  ash  pU. 
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Asphalt. — ^This  name  is  given  to  three  di- 
verse, allied  substances:  (1)  The  base  or 
ultimate  results  of  changes  in  those  petro- 
leums or  natural  hydro-carbons  which  do 
not  contain  paraffin,  (2)  natural  deposits 
of  bitumen,  originally  derived  from  petro- 

'leums,  which  are  found  in  the  form  of  self  renewing 
lakes  in  Trinidad  (W.  i.).  Venezuela,  and  else- 
where; (3)  limestone  rock,  impregnated  with  8  to 
20%  of  bitumen,  is  found  in  the  Val  de  Travers, 
in  Switzerland.  The  derivative  from  petroleum 
is  often  termed  imnernL  pitch,  and  serves  as  a 
waterproof  paint,  an  anti'-corrosive  covering,  etc. 
Asphalt  is  often  used  in  cable  conduits  as  it  resists 
moisture,  is  ductile  and  can  be  readily  and  cheaply 
repaired. 

Aspirator* — A  device  closely  resembling 
an  ejector,  in  which  water  passes  through  a 
nozzle,  whose  outlines  conform  to  the  7>ena 
contracta.  This  device  induces  a  suction 
current  in  a  connecting  pipe  and  exhausts 
the  air,  thus  creating  a  hign  vacuum.  The 
steam  ejector^  used  in  connection  with  the 
vacuum  brake,  is  also  a  type  of  aspirator. 

Aflsajr* — In  metallurgy,  the  act  or  process 
of  ascertaining  the  proportions  of  a  particu- 
lar metal  in  an  ore  or  alloy;  especially,  the 
determination  of  the  proportion  of  gold  or 
silver  in  bullion  or  com. 

Assembliiif^* — ^The  bringing  together  of  the 
parts  of  a  machine  or  device.  The  combi- 
nation of  the  various  pieces  forming  a  small 
intricate  article,  such  as  a  rifle  or  type- 
writer, is  properly  known  as  asaemhiing; 
the  word  erecting  conveys  the  idea  of  build- 
ing a  large  machine  or  structure  with  sta- 
gings, blocks  and  tackles,  etc. 

Assort. — ^To  separate  and  distribute  into 
classes;  as,  things  of  a  like  kind,  natiu*e  or 
quality,  or  which  are  suited  to  a  like  pur- 
pose; to  classify;  as,  to  assort  goods. 

Assumed  Direction  of  Current  Flow. 

—The  direction  which  an  electric  current 
is  assumed  to  take,  viz.,  from  the  positive 
pole  of  an  electric  source  out  through  the 
circuit,  and  back  to  the  negative  pole. 

Asssrmmetry. — ^The  state  of  being  imsym- 
metrical,  or  devoid  of  symmetry. 

Astatic. — Deprived  of  directive  power;  a 
term  used  especiallv  of  a  magnetic  needle 
which  has  had  its  directive  power  neutral- 
ized. 

Astatic  Couple. — Two  magnets  of  uniform 
power  so  placed  as  to  counter-balance  each 
other's  magnetic  force. 


Astatic  Galvanometer. — ^A  very  sensi- 
tive galvanometer  which  neutralizes  the 
effect  of  the  earth's  magnetism  by  ^e  use 
of  astatic  needles. 

Astaticise. — To  eliminate  all  magnetic 
directive  power  due  to  the  earth's  magnet- 


ism. 


Astatic  Multiplier. — A  name  sometimes 
given  to  a  galvanometer  having  an  astatic 
needle  or  circuit. 

Astatic  Needle. — A  form  of  magnetic 
needle  for  use  in  sensitive  galvanometers; 
it  consists  essentiallv  of  two  needles  of 
equal  size  and  strength  bound  together,  one 
above  the  other,  in  reversed  positions  so 
that  each  counter-balances  the  effect  of  the 
earth's  magnetism  upon  the  other. 

Astatic  Suspension. — A  method  of  sus- 
pending the  needle  of  a  galvanometer  so 
as  to  overcome  the  effect  of  the  earth's 
magnetism. 

Asymptote. — A  line  which  approaches 
nearer  and  nearer  to  a  given  cur\'e,  but 
never  meets  it;  as,  the  axis  of  the  hyper- 
bola. 

Asynchronous.— Not  coinciding  with 
respect  to  time;  not  occurring  simultane- 
ously.   Non-synchronotis. 

Asynchronous  Kotor. — An  alternating 
current  motor  which  does  not  run  in  step 
with  the  alternations  of  the  current.  Also 
called  induction  motor. 

A.  T. — Abbreviation  for  ampere  turn. 

Atmosphere. — ^The  air  in  which  we  live 
and  wnich  we  breathe,  whose  weight  presses 
on  our  bodies  internally  and  externally  and 
so  is  not  perceived.  Besides  oxygen,  nitro- 
gen, argon,  ete.,  there  is  present  in  the 
atmosphere  about  0.04%  by  volume,  of  car- 
bon dioxide,  a  variable  amount  of  aqueous  vapor, 
ammonia  in  various  forms,  and  sohd  matter  or 
dust.  The  pressure  of  the  atmosphere  at  the  sea 
level  is  about  14.7  pounds  per  square  inch;  for  a 
rough  approximation  it  may  be  assumed  that  the 
pressure  decreases  i  pound  per  square  inch  for 
every  1000  ft.  of  ascents 

Atmospheric  Electricity. — The  free 
electricity  always  found  in  varying  quanti- 
ties in  the  atmosphere.  The  phenomena  of 
atmospheric  electricity  are  of  two  kinds; 
there  are  the  well-known  manifestations 
of  thunderstorms;  also,  the  phenomena  of 
continual  slight  electrification  in  the  air, 
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best  observed  when  the  weather  is  fine; 
the  auroras  constitute  a  third  branch  of 
the  subject. 

Atom* — ^The  chemical  unit,  imagined  as  an 
extremely  minute  particle  of  matter,  con- 
stituting the  smallest  quantity  of  an  de- 
ment which  i3  capable  of  existing,  and 
therefore  deemed  indivisible. 

Atomic* — ^Relating  to  the  atom. 

Atomic  Attraction. — ^The  tendency  in 
atoms  to  unite  with  other  atoms  and  form 
molecules. 

Atomic  Heat* — The  product  resulting 
when  the  atomic  weight  of  a  substance  is 
multiplied  by  its  specific  heat. 

Atomic  Theory. — ^The  theory  of  the  con- 
stitution of  matter  which  asserts  that  all 
substances  are  composed  of  infinitesimally 
small  particles  or  atoms.  The  atom  of 
each  elemental  substance  possesses  proper- 
ties peculiar  to  itself  which  govern  the  man- 
ner m  which  the  element  enters  into  com- 
bination with  others  to  form  a  molecule. 

Atomic  Weifi^ht. — A  relative  weight  as- 
signed to  the  atoms  of  the  various  elements, 
representing:  (1)  Its  weight  as  compared 
with  that  of  an  atom  of  hydrogen,  (2)  the 
smallest  quantity  bv  weight  of  the  element 
that  can  enter  or  leave  a  compound,  the 

oombining  quantity  of  hydrogen  equaling  unity: 
(3)  the  specific  gravi^  of  the  body,  as  compared 
with  hydrogen,  when  in  a  state  of  gas  or  vapor. 

Atomise. — To  separate  a  jet  of  any  liauid 
into  a  finely  subdivided  spray,  resembling 
liquid  dust;  effected  either  by  hydrostatic 
pressure  or  by  a  blast  of  compressed  air  or 
steam  in  conjunction  with  specially  shaped 
nozzles. 

Atomiser. — ^An  instrument,  utilizing  the 
principle  of  induced  air  currents,  to  dis- 
charge the  liquid  it  contains  in  a  fine  spray. 

Atomisinc  Carburetter. — A  type  of  car- 
buretter Tor  internal  combustion  engines, 
in  which  the  liquid  fuel  is  converted  into  a 
fine  spray  and  mixed  with  the  proper  pro- 
portion of  air ;  known  also  as  spray  car'* 
ourelter. 

Atom  of  Electricity. — ^The  electric  charge 
possessed  by  an  atom  of  matter. 

Attachment. — 1.  That  by  which  one  thing 
is  attached  to  another ;  connection. 


2.  Something  attached,  some  adjimct 
attached  to  an  instrument,  machine  or 
other  object. 

Attaclunent  Plug^. — ^A  plug  with  suitable 
contacts  for  readily  connecting  a  conductor 
into  a  socket. 

Attenuate. — 1.  To  make  thin  or  slender; 
as,  by  mechanical  or  chemical  action  upon 
inanimate  objects,  or  by  the  effects  of  star- 
vation, diseases,  etc.,  upon  living  bodies. 

2.  To  lessen  the  amount,  force  or  value 
of;  to  make  less  complete;  to  weaken. 

Attracted  Disc  Electrometer. — A  form 
of  absolute  electrometer,  consisting  of  two 
plane  metal  disks,  one  poised  horizontally 
at  a  small  distance  above  the  other  and 
siuTounded  by  a  guard  ring  placed  in  me- 
tallic contact  with  it  by  a  nne  wire,  the 
other  supported  on  an  insulated  stand;  the  attrac- 
tion of  the  lower  plate  upon  the  upper  may  be 
measured  by  changing  the  distance  of  the  lower, 
by  a  micrometer  screw,  until  the  electric  attraction 
balances  the  forces  which  act  to  raise  the  upper 
disk  above  the  guard  ring. 

Attraction. — ^An  invisible  power  in  a  body 
by  which  it  draws  anytlung  to  itself;  the 
power  in  nature  acting  mutually  between 
bodies  or  ultimate  particles,  tending  to 
draw  them  together  or  to  produce  their 
cohesion  or  combination,  and  conversely 
resisting  separation.  Attraction  is  exerted  at  both 
aenaible  and  insensible  distances,  and  is  variously 
denominated  according  to  ita  qualities  or  phe- 
nomena. 

Attraction  of  Gravitation. — ^That  force 
which  draws  a  body  toward  the  center  of 
the  earth,  commonly  called  the  weight  of  the 
body.  The  force  of  gravity  is  represented 
by  the  letter  g,  which  stands  for  the  accel- 
eration per  second  of  a  falling  body  due  to 
gravity,  the  value  of  g  increases  with  the  latitude 
and  decreases  with  the  elevation.  For  all  onii' 
nary  calculations  for  the  United  States  g  is  gener- 
ally taken  at  32.16;  t.  e.,  the  acceleration  of  a  fall- 
ing bodv  due  to  gravity=ff=32.16  ft.  per  second 
in  one  second. 

Attractive. — Having  the  power  or  quality 
of  attracting  or  drawing;  as,  the  attractive 
force  of  a  magnet. 

Audible  Code. — A  code  of  telegraph  sig- 
nals intended  to  be  read  by^  sound,  as  in 
acoustic  telegraphy, 

Andible  Sinai. — A  telegraphic  signal  to 
be  receiveaby  ear,  as  distinguished  from 
the  tistud  signal  which  is  to  be  read  by  the 
eye;  an  acoustic  signal. 
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Audiometer. — ^An  electrical  apparatus  for 
gauging  and  recording  the  deucacy  of  the 
sense  of  hearing. 

Audiphone* — A  fan  shaped  instrument, 
usually  of  thin  hard  rubber,  which,  when 
held  against  the  upper  teeth,  conveys  sound 
vibrations  to  the  auditory  nerve,  and  thus 
aids  the  hearing. 

Audit. — 1.  An  examination  in  general.  An 
examination  of  an  account  or  of  accounts 
with  the  hearing  of  the  parties  concerned 
by  proper  officers,  or  persons  appointed  for 
that  purpose,  who  compare  the  charges 
with  the  vouchers,  examme  witnesses,  and 
state  the  result. 

2.  A  statement  of  accounts;  a  balance 
sheet. 

Auditor. — ^A  person  appointed  and  author- 
ized to  audit  or  examine  an  account  or 
accounts,  compare  the  charges  with  the 
vouchers,  allow  or  reject  charges,  and  state 
the  balance. 

Au^t. — 1.  A  small  trough  to  drain  the 
passage  leading  to  an  explosive  mine,  thus 
keeping  the  train  dry. 

2.  A  damp  proof  tube  or  trough  leading 
to  the  explosive  in  blasting. 

Auriferous. — Bearing  or  containing  gold; 
from  the  Latin  word  aurunij  gold;  as,  aurif- 
erous deposits  or  ores. 

Aurora. — Sheets,  streamers  or  streaks  of 
pale  light  often  seen  displayed  in  the  skies 
of  the  northern  and  southern  hemispheres 
in  the  direction  of  the  polar  regions;  the 
aurora  horealis  and  the  aurora  austraUs, 

Aurora  Australls. — Lights  similar  to  the 
aurora  borealis,  seen  at  night  in  extreme 
southern  latitudes;  the  sovihem  lights. 

Aurora  Borealis. — Lmninous  phenomena 
often  observed  at  night  in  northern  lati- 
tudes in  the  direction  of  the  magnetic  north, 
and  attributed  to  disturbances  of  an  elec- 
tric nature;  the  northern  lights. 

Aurora  Glory. — The  crown  shaped  arc  of 
light  observed  in  the  heavens  during  the 
occurrence  of  the  aurora. 

Auroral  Arch. — An  arch  of  light  some- 
times formed  by  the  aurora. 

Auroral  Bands. — Parallel  streamers  of 
light  often  observed  in  connection  with  the 
aurora. 


Auroral  Corona. — A  crown  like  form 
sometimes  taken  by  the  light  of  the  aurora. 

Auroral  Curtain. — A  broad  sheet  of 
auroral  light  resembling  a  curtain. 

Auroral  Flashes. — ^The  light  of  the 
aurora  occurring  m  intermittent  flashes. 

Auroral  Storm. — A  magnetic  storm  ac- 
companying the  appearance  of  the  aurora. 

Aurora  Polaris. — ^A  general  name  for 
the  northern  and  southern  lights. 

Auto. — 1.  A  combining  form  or  prefix 
meaning  sdf. 

2.  The  familiar  contraction  for  automo- 
bOe. 

Auto-coherer. — In  wireless  telegraphy,  a 
type  of  coherer  with  automatic  action  for 
releasing  the  particles  that  cling  together 
when  the  circuit  is  made.  A  globule  of 
mercury  in  light  contact  with  particles  of 
carbon  or  iron  produces  the  desired  effect. 

Auto-excltation. — Self -magnetizing  of  the 
field  magnets  of  a  dynamo.  Also  called 
seff-excitation. 

Autoi^nous  Soldering^. — ^The  art  or  pro- 
cess of  lead  burning,  whereby  two  pieces  of 
lead  are  fused  together  by  means  of  a  hy^ 
drogen  flame. 

Autogenous  Welding^. — A  method  of 
welding,  in  which  the  metal  is  united  by  the 
fusion  of  its  own  substance  without  the 
introduction  of  any  other  flux.  It  is  per- 
formed by  the  oxy-hydrogen  blow  pipe. 

Auto  li^^ter. — A  small  magneto  or  dvna- 
mo  for  electric  ignition  of  gasoline  and  pe- 
troleum engines,  the  armature  of  which  is 
geared  to  the  flywheel,  thus  supplying  elec- 
tricity as  long  as  the  engine  revolves,  and 
doing  away  with  batteries,  etc. 

Automatic. — Self-acting ;  especially  ap- 
plied to  machinery  in  which  certain  move- 
ments conmionl^  made  by  hand  are  made 
by  the  machine  itself. 

Automatic   Armnd   Burner. — An  Ar- 

gand  burner  fitted  with  an  electrical 
arrangement  whereby  it  may  be  lighted  or 
put  out  automatically. 

Automatic  Call  Box. — An  apparatus 
fitted  to  a  public  telephone  instrument  bv 
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which  a  person  may  secure  its  use  by 
simply  dropping  a  fee  into  the  box. 

AtttomAtic   Chemical    Telegraphy. — 

Automatic  telegraphy  employing  a  chemi- 
cally prepared  paper  ribbon  on  which  the 
messages  are  recorded. 

Automatic  Circuit  Breaker* — An  auto- 
matic device  for  breaking  a  circuit  when 
the  strength  of  the  electric  current  exceeds 
a  given  limit. 

Automatic      Contact      Breaker. — ^An 

automatic  device  operated  by  an  electro- 
magnet for  opening  and  closing  an  electric 
circuit  in  quick  succession;  a  vibrating 
contact. 

Automatic  Cut  In. — An  electrical  adjust- 
ment for  automatically  connecting  any  elec- 
trical device  into  a  circuit  at  the  required 
moment. 

Automatic  Cut  Out. — An  electrical  adjust- 
ment for  automatically^  removing  any  elec- 
trical part  or  connection  from  a  circuit  at 
the  required  moment. 

AutoBftatic  Cut  Out  for  Battery. — An 

automatic  switch  connected  with  a  storage 
batteipr  for  cutting  out  the  charging  cur- 
rent m  case  the  pressure  falls  danger- 
ously low. 

Automatic  Cut  Out  for  Series  Are 
Lamp. — ^An  arrangement  by  which  an 
alternative  path  of  low  resistance  is  Intro- 
duced when  the  circuit  through  the  lamp 
becomes  interrupted  from  any  cause. 

Autonftatic  Cut  Out  for  Series  Incan- 
descent Lamp. — A  device  which  acts 
automatically,  when  the  circuit  through  a 
lamp  is  broken,  and  short  circuits  it. 

Automatic  Electric  BelL — ^A  bell  having 
an  automatic  contact  breaker,  so  that  it 
keeps  ringing  as  long  as  the  circuit  is 
closed;  a  vibrating  or  trembling  hell,  Gen- 
erallVy  it  is  worked  by  a  current  exciting 
an  electro-magnet,  attracting  or  releasing 
an  armature  which  is  attached  to  the  vibrating 
or  pivoted  tongue  of  the  bell.  This  is  done 
alternately  so  that  the  tongue  beats  against  the 
beU.  When  the  current  is  turned  on  it  attracts 
the  armature;  as  this  moves  towards  the  ix>Ie8  of 
the  magnet  it  breaks  the  circuit  by  drawing  the 
"contact  spring"  away  from  the  "contact  point." 
The  movement  of  the  armature  causes  the  ham- 
mer on  the  end  of  the  lever  to  strike  the  bell.  A 
spring  draws  the'  armature  back  to  its  original 
portion  and  the  cycle  repeata,  thus  causing  a 
continued  ringizig. 


Automatic  Electric  Gas  Burner. — A 

device  for  electrically  lighting  the  gas  by 
the  pressure  of  a  button,  and  extinguishing 
it  by  the  pressure  of  another  button. 

Automatic  Electric  Railway  Simal 
System. — ^A  srystem  of  electric  signals  for 
preventing  trams  from  approachmg  each 
other  too  closelv  while  running  upon  the 
same  track;  the  block  system. 

Automatic  Engine. — A  term  applied  to  a 
steam  engine  in  which  the  cut  on  is  varied, 
according  to  the  load,  by  means  of  the  gov« 
emor. 

Automatic  Fire  Alarm. — ^A  device  for 
automatically  giving  an  alarm  of  fire  when 
the  heat  increases  beyond  a  certain  point. 

Automatic     Fire     Annunciator.  —  An 

annunciator  which  indicates  automatically 
the  location  of  a  fire  in  response  to  an  alarm. 

Automatic  Gae  Cut  OIF. — In  an  electric 
gas  lighting  system,  a  device  for  cutting  the 
battery  out  of  the  circuit  when  »  fault 
occurs. 

Automatic  li^tion. — Ignition  of  the 
charge  within  an  internal  combustion  en- 
gine, by  the  heat  of  compression. 

Automatic    Indicating^    GrapneL — In 

submarine  cable  work,  a  grapnel  fitted  with 
electrical  connections  so  that  it  gives  a  sig- 
nal upon  the  cable  ship  the  moment  the 
cable  IS  caught. 

Automatic  Inker. — ^In  telegraphy,  a  si« 
phon  recorder  which  acts  automatically. 

Automatic  Lubrication. — A  term  ap- 
plied to  devices  designed  to  supply  a  re^ 
IcAle  feed  of  lubricant  for  various  weanng 
parts;  as,  in  sight  feed,  worsteds,  chain 
oiling,  etc. 

Automatic  Kachine. — A  machine  tool, 
whose  parts  and  whose  various  movements 
are  so  co-ordinated  with  each  other  that  it 
requires  no  further  attention,  after  first 
setting  or  adjusting  the  various  parts,  than 
to  supply  it  with  material,  lubricate  it,  or 
apply  or  shut  off  the  power.  The  hollow  spindle 
lathe,  with  stops,  capstan  rest,  wire  feed,  etc..  is 
a  good  example  of  this  type.  Where  an  attendant 
or  operator  is  necessary,  the  machines  become 
iemi-automatic. 

Automatic  Kake*and-Break. — 1.  A  de- 
vice actuated  by  an  electro-magnet  for 
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automatically  dosing  and  opening  a  circuit. 
2.  A  low  tension  ignition  device  in 
which  the  make-and-break  electrodes  are 
operated  by  an  electro-magnet;  a  magnetic 
spark  plug, 

Automatie  Oiler* — An  oil  cup  so  adjusted 
as  to  automatically  apply  oil  to  the  bear- 
ings of  a  machine  while  running. 

Automatic     Overload     Switch* — An 

automatic  switch  set  into  the  discharging 
current  of  a  storage  battery,  which  oi>ens 
the  circuit  when  an  excessivdy  high  current 
is  being  drawn  from  the  cells. 

Automatic  Paper  Winder* — A  reel  for 
automatically  winding  the  paper  ribbon  of 
a  telegraph  recorder. 

Automatic  Prepayment  Telephone. — 

A  public  telephone  set,  containing  a  mech- 
an^  by  means  of  which  a  coin,  deposited 
in  a  slot,  registers  prepayment  before  the 
line  can  be  used. 

* 

Automatic  Regulation. — A  method  of 
making  a  dynamo  self-regulating  so  as 
either  to  send  a  constant  current  through 
the  external  circuit  under  varying  resist- 
ances, or  to  maintain  a  constant  potential 

difference  at  its  terminals  under  like  varia- 
tioiis  of  resistance.  In  cases  where  an  approxi- 
mately constant  current  is  to  be  maintainea  in  a 
circuit,  as  in  series  arc  circuits,  the  adjustment  of 
the  resistance  of  the  variable  shunt  is,  as  a  rule, 
eflFected  automatically  by  means  of  some  electro- 
magnetic device,  actuated  by  solenoids  placed  in 
the  main  circuit.  ^ 

Automatic  Regulation  of  Kotor. — A 

self-regulation  of  a  motor  for  the  purpose 
of  preserving  its  speed  constant. 

Automatic  Reg^ator. — An  electro-mag- 
netic device,  actuated  by  solenoids  placed 
in  the  main  circuit,  and  used  to  maintain 
an  approximately  constant  current;  as,  in 
series  arc  circuits. 

Automatic  Repeater. — In  telegraphy,  a 
repeater  or  translator  working  automatic- 
ally instead  of  by  hand. 

Automatic  Si^^allng^. — Sending  tele- 
graphic messages  by  machines  inst^d  of 
by  hand;  automatic  tdegrapky. 

Automatic  Switch.  —  A  switch  which 
opens  and  closes  automatically  at  required 
times.  One  form  of  switch  used  as  a  cut 
out   for  dynamos  consists  of  an  electro- 


magnety  fixed  upon  a  slate  base,  and  an 

iron  armature  6xed  to  the  ends  of  the 
pivoted  levers  of  the  switch.  The  electro-mag- 
net is  included  in  series  with  the  switch  and 
armature  circuit,  and  while  the  pressure  of  the 
machine  to  which  the  instrument  is  connected 
remains  at  its  normal  value,  the  current  flowing 
in  its  coils  is  sufficiently  strong  to  enable  it  to 
hold  up  the  iron  armature  against  its  pole  pieces. 
If  from  any  cause  the  voltage  of  the  machine  is 
reduced,  the  current  flowing  in  its  armature  is 
decreased  also,  until  when  it  falh  below  a  certain 
minimum  value  at  which  the  automatic  switch  is 
arranged  to  act,  the  strength  of  the  electro-mag- 
net  has  been  so  far  diminished  that  it  can  no 
longer  hold  up  the  armature  against  the  weight  of 
the  levers,  and  these  latter  therefore  drop  and 
switch  the  machine  out  of  circuit. 

Automatic  S'vritch  for  Incandescent 


mps. — 1.  A  safety  fuse. 
2.  A  switch  for  turning  an  incandescent 
light  on  and  off  from  a  distance. 

Automatic  Synchroniser. — A  phase  in- 
dicator consisting  essentially  of  two  solen- 
oids acting  on  cores  on  opposite  ends  of  a 
rocker  arm. 

Automatic  Telegraph  Transmitter. — 

A  transmitter  for  automatic  telegraphy, 
consisting  of  a  clockwork  or  other  mech- 
anism which  draws  a  strip  of  paper  per- 
forated with  the  message  under  a  series  of 
contacts. 

Automatic  Tele^aphjr.— A  method  of 
telegraphy  by  which  messages,  previously 
perforated  upon  a  strip  of  paper,  are  trans- 
mitted automatically  by  passing  the  strip 
under  suitable  contacts. 

Automatic  Telephone  Exchan§^e. — A 

method  of  making  connections  between 
telephone  subscribers  by  switches  operated 
from  the  subscribers'  instruments,  and  thus 
doing  away  with  the  services  of  an  exchange 
operator 

Automatic  Telephone  Hook. — ^The  hook 
upon  which  the  telephone  receiver  is  hung 
wnen  not  in  use,  and  which  being  depressed 
by  the  weight  of  the  receiver  automatically 
disconnects  the  instrument,  making  con- 
nections again  when  the  receiver  is  lifted 
off  and  the  hook  rises. 

Automatic  Telephone  Switch.— ^The 
switch  operated  automatically  by  the  raising 
or  lowering  of  the  hook  on  which  the  re- 
ceiver hangs  when  not  in  use. 

Automatic  Time  Cut  Out. — An  auto- 
matic device  for*  effecting  disconnections 
in  a  circuit  at  a  set  time. 


Automatic  Variable  Resistance, 
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Antonubtie  Variable   Resistance. — A 

resistance  capable  of  making  automatic 
variations  in  strength. 

Automobile* — ^A  self-propelled  vehicle 
designed  to  run  upon  ordinary  roads, 
transporting  passengers  and  conmiodities 
beyond  those  necessary  for  its  own  con- 
sumption and  guidance.  The  classification 
of  motor  carriages  is  usually  by  their 
bodies,  the  oustomary  tenxis  of  the  coach  buildera 
b&ntt  frequently  employed.  A  runaboiU  ia  a 
small  vehicle  accommodating,  generally,  two  per^ 
sons;  a  touring  ear  is  a  laiger  vehicle,  seating 
four  or  more,  with  fittings  for  extended  tripe;  a 
Umotuine  has  the  rear  seats  enclosed  within  a 
carriage  body,  the  driving  seat  being  protected 
by  a  canopy;  a  tonneau  is  a  rounded  barrel- 
waped  acoommodation,  frequently  with  a  rear 
entianoe. 

Automobile  Torpedo. — ^A  torpedo  fitted 
with  mechanism  ^r  self-propulsion  through 
the  water. 

Auto-reversible  Tele-radiophone* — A 

photophone  capable  of  sending  a  nimiber  of 
messages  at  once,  either  in  the  same  direc- 
tion or  in  opposite  directions. 

Auto-tele§r>'aph7'* — A  method  of  transmit- 
ting telegraphic  messages  by  the  motion  of 
a  ^et  of  pai>er  which  has  perforations  cor- 
responding to  the  length  and  order  required 
to  form  the  characters  to  be  transmitted. 

Auto-telephone  Sjrstem. — A  system  of 
telephoning  with  a  single  battery  d^  which 
several  subscribers  can  be  placed  m  com- 
munication without  the  intervention  of  an 
exchange. 

Auto-transformer* — ^A  variable  compen- 
sator in  which  a  choking  coil  is  introduced 
across  the  alternating  current  supply  cir- 
cuits so  that  varying  currents  can  be  ob- 
tained from  different  points  on  its  windings; 
a  one  coil  transformer,  any  part  of  which 
may  be  used  as  a  primary  and  any  part  as 
a  secondary. 

AuTJHaiy  Alarm  Teleg^raph* — A  provi- 
sion in  nre  alarm  signaling  to  prevent  the 
repetition  of  signals  over  all  the  circuits 
from  interfering  with  other  incoming  sig- 
nals. 

Auxiliary  Bus  Bar. — A  bus  bar  in  a  cen- 
tral station  connected  with  a  pressure  other 
than  the  central  station  pressure. 

Averafl^  Efflciency  of  Motor. — The  re- 
lation of  the  mechanical  energy  delivered 


by  a  motor  during  a  certain  time  to  the 
electrical  energy  required  to  drive  it  for 
that  time. 

Averag'e  Life  of  Incandescent  Lamps. 

— The  average  time  during  which  several 
incandescent  lamps  connected  with  a  cur- 
rent of  known  strength  will  furnish  light 
before  the  filaments  break. 

Averag-e  Pressure. — 1.  The  mean  load, 
in  lbs.  per  square  inch,  upon  a  piston 
throughout  its  stroke;  usually  taken  as  the 
product  of  the  mean  of  ten  equally  spaced 
ordinates  of  the  indicator  diagram  multi- 
plied by  the  scale  of  the  indicator  spring 
which  was  used  in  taking  the  card;  abo  called. 
mean  effective  pre»aure. 

2.  llie  mean   result  of  a  series  of  pressures 
observed  at  regular  intervals. 

Avoffadro's  Law. — A  law  of  physics,  that 
at  the  same  temperature  and  pressure  equal 
volumes  of  different  gases  contain  the  same 
number  of  molecules.  Hence,  the  molecu- 
lar weights  of  gases  are  proportional  to 
their  densities. 

A.  W.  O. — Abbreviation  for  American  wire 
gauge;  the  Brown  &  Sharpe  wire  gauge. 

Axes  of  Co-ordinates. — ^Two  intersecting 
lines,  one  vertical,  called  the  axis  of  ordi- 
nates, the  other  horizontal,  called  the  axis 
of  abscissas,  by  means  of  which  the  location 
of  a  point  in  a  plane  may  be  determined. 
The  angle  of  intersection  of  the  axes  is 
usually  taken  as  a  right  angle  in  which  case  the 
axes  are  said  to  be  rectangular;  with  any  other 
angle  the  axes  are  called  oblique. 

Axial.— Of  or  pertaining  to,  or  constituting 
an  axis,  or  central  line;  rotating  on  or  about 
an  axis. 

Axial  Current. — A  current  which  has  the 
same  direction  as  the  lines  of  magnetic 
force. 

Axial  Flow. — A  term  applied  to  that  class 
of  turbine  in  which  the  fluid  passes  through 
the  motor  in  a  direction  parallel  to  its  axis, 
like  the  Jonval  or  Parsons.  Also  termed 
parallel  flow. 

Axial  Pitch. — ^In  machinery,  the  pitch  of  a 
screw  measured  in  a  direction  parallel  with 
the  axis.  The  term  is  specially  applied  to 
many-threaded  screws  to  distinguish  the 
piteh  of  a  single  turn  only,  from  that  termed 
divided  axial  piteh  and  from  the  common 
piteh. 


Axis, 
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Axis. — 1.  The  straight  line,  real  or  imagi- 
nary, passing  through  a  body  on  which  it 
revolves,  or  may  be  supposed  to  revolve. 
2.  A  straight  line  witn  respect  to  which 
the  different  parts  of  a  magnitude  are  sym- 
metrically arranged ;  as,  the  axis  of  a  cylinder, 
L  e.*  the  straight  line  joining  the  oenten  of  the 
two  ends;  the  axia  of  a  cone,  L  e.,  the  straisht  line 
joining  the  vertex  and  the  center  of  the  base;  the 
axi§  of  a  etroie,  taiy  straiffht  line  pawring  through 
the  center.    Plural,  axee. 

Axis  of  AbselsMM*— The  horizontal  axia 
of  co-ordinates. 


Ajdfl  of  Ordlnatefl* — The  vertical  or  in- 
clined co-ordinates. 

Axle* — Generally  speaking,  a  shaft  connect- 
ing the  naves  of  the  opposite  wheels  of  a 
vehicle.  In  railway  use,  an  axle  is  a  bar 
of  circular  section,  to  wmch  the  wheels  are 
rigidlv  secured,  and  which  revolves  in  suit- 
able bearings.  In  automobiles,  the  axles 
may  be  dead,  or  stationary,  the  wheels  revolving 
freely  on  them;  or  ebe  live;  that  is,  driven  them> 
selves  by  the  motor. 


Ayrton,  WUlUm  Edward.— Bom  1847. 
died  1908.  An  English  i)hyBicist  ana 
electrical  engineer.  Beginning  his  work 
in  the  government  telegraph  service  in 
India,  he  afterwards  studied  under  Lord 
Kelvin,  returning  to  India  in  1868  to 
continue  telegraphic  work.  At  this  time  he 
invented  the  method  of  locating  a  fault  in  a 
cable  by  takixig  measurements  from  one  end  of  it 
only.  In  1872,  under  Lord  Kelvin^e  superin- 
tended the  construction  of  the  Q.  W.  telegraph 
cable.  The  next  year  he  went  to  Japan  to  teach 
physics  and  telegraphy,  and  after  that  associated 
with  Prof.  Perry.  He  carried  on  electrical  work 
that  greatly  benefited  the  science  of  electrical 
engineering,  especially  in  designing  electrical 
measuring    instruments. 

• 

Ayrton  Galvanometer  Shunt. — ^A  shunt 
devised  by  Ayrton  and  Mather  in  1894,  in 
which  the  cous  are  so  arranged  that  their 

*  relative  multiplying  powers,  whatever  may 


be  the  actual  resistance  of  the  galvanom- 
eter, are  always  the  same,  so  that  it  can 
be  used  with  any  galvanometer;  the  uni- 
versal shunt, 

Aalmntli. — 1.  In  determining  the  location 
of  distant  objects;  as  in  astronomy,  the  arc 
of  the  horizon  intercepted  between  the 
meridian  of  a  place  and  a  great  circle  pass- 
ing through  the  senith  and  the  object  ob- 
served. 
2.  The  quadrant  of  an  azimuth  cirde, 

Aiimntk  and  Ran^^   Telecraph. — A 

telegraph  employed  on  a  warship  lor  sig- 
naling to  the  gunners  both  the  azimuth 
and  range  of  the  enemy's  position. 

Aalmntk  Circle. — A  great  circle  passing 
through  the  zenith,  or  point  directlv  over- 
head, and  the  nadir,  or  point  directly 
underneath,  cutting  the  horizon  at  right 
angles. 

Aalmath  Oompasfl. — A  compass  resem- 
bling the  mariner's  compass,  but  having 
the  card  divided  into  degrees  instead  of 
rhumbs,  and  having  vertical  sights,  used 
for  taking  the  magnetic  azimuth  of  a 
heavenly  body,  in  order  to  find,  by  com- 
parison with  the  true  azimuth,  the  varia- 
tion of  the  mariner's  needle. 

Aiimnth  DiaL — ^A  dial  whose  stile  or 
gnomon  is  at  right  angles  to  the  plane  of 
the  horizon;  used  in  navigation  and  sur- 
veying. 

Aalmnth  Teles^i^apli. — A  telegraph  em- 
ployed on  a  warship  for  signaling  to  the 
gunners  the  azimuth  of  the  enemy's  posi- 
tion. 

Azote. — ^The  French  name  for  nitrogen, 
frequently  encountered  in  scientific  arti- 
cles translated  from  that  language. 
AzoHc  acid  is  nitric,  azote  of  potash  is 
potassium  nitrate,  etc. 


B.— 1  Abbreviation  for  Beaumft, 
referring  to  the  hydromtter 

2.  The  symbol  for  taagnetic 
vtduetion. 

B.  A.  —  An    abbreviation    for 
British  Association,     Used  as 
a  prefix    to  standards  adopted  b^   the 
Association, 

B.  A.  Aatp«re. — The  standard  ampere 
fixed  by  tne  British  A^sociatiaa  for  the 
Advancement  of  Scieooe. 

Baibblttins.— The  application  of  Babbitt 
metal  to  the  bearines  of  machinery  to 
diminish  friction.  Having  two  dUtimilar 
metalt  tdtoays  reduea  friction. 

Babbitt  3C«tftl. — An  alloy,  named  for  its 
inventor,  composed  of  tin,  copper  and  anti' 
mony  in  varying  proportions,  used  for 
beanngs  of  machmee;  also  known  as  white 
mdai,  and  anti-fneiion  mttal. 

B»ck  A^pare  Tnma. — Ampere  turns  or 
windings  on  the  armature  of  a  dynamo 
which  act  in  opposition  to  the  magnetic 
flow  set  up  between  the  field  magnets. 

B»«k  Draft. — A  rush  of  flame  or  smoke 

from  the  door  of  a  furnace,  occasioned  by 
obstruction  in  the  chimney. 

Back  Eleetro-motlTe  Force. — A  term 
sometimes  used  for  counter  electro-motive 
force,  or  that  electro-motive  force  which 
tends  to  set  up  a  current  in  re- 
direction, to  the  impressed  current. 

B»ek  End  of  Armatare.— The  end  of  a 
dynamo  or  motor  armature  opposite  to  the 
commutator  or  front  end. 

Bach  Indnetion. — An  induction  acting 
upon  a  magnetic  field  tending  to  demag- 
netize or  w^en  it. 

Baybfiig  KetaL—The  metal  used  for 
backing  up  the  thin  copper  ^ell  of  an 
electrotype. 

*--^-|r  Pan.— The  shallow  iron  pan  in 
which  an  electrotype  shell  is  set  for  the 
'backing  up"  process. 


BactoBard  EccentHc. 


Back  Iiaak.— I .  Tn  machinerjr, 
the  reaction  or  striking  back 
<rf  a  piece  of  machinery,  wheel, 
piston,  etc.,  when  the  power 
makes  a  temporarj'  pause,  or 
a  change  of  motion  occurs. 
It  is  a  consequence  of  bad 
fitting   or   wear,    and   in    the 

latter  ease,  indicates  that  the  partA  should 

be  set  up. 

2.  A  shop  term  for   the  lost  motion 

caused  by  the  wearing  of  screw  threads, 

knuckle  joints,  etc. 


Back  Prcsrare. — In  a  steam  engine,  the 
pressure  on  the  opposite  side  of  tiie  piston, 
which  opposes  a  resistance  to  the  working 
stroke  of  the  steam.  This  back  pressure 
may  be  due  to  the  pressure  in  a  receiver,  as 
in  the  high  pressure  cylinder  of  a  compound 
«i(la«:  to  Uwt  of  the  atmosphere,  u  in  ■  oon- 
Bondenninc  encio«:  <"'  ^  that  o[  an  imperfect 


Back  Preamire  Valve. — A  valve  de- 
signed to  prevent  the  reflux  of  liquids  or 
fluids  in  a  pipe; a  check  or  non-return  valve. 

Back  Skack. — When  a  charged  conductor 

is  suddenly  discharged,  the  induced  charges 
of  opposite  sign  in  neighboring  bodies  may 
also  discharge  into  the  earth  or  into  other 
conducting  bodies.  Tliis  back  shock  is 
sometimes  felt  by  persons  standing  on  the 
ground  when  some  distant  object  has  been 
struck   by  lightning.    Also  called,  return 


1  telegraph  k^  reata 


Baekirard  Eccentric. — In  steam  engi- 
neering, that  eccentric,  of  the  pair  which 
constitute  a  link  motion,  which  drives  the 
valve  gear  when  the  motion  of  the  engine 
is  reversed,  that  is,  when  it  l   '     '     ' 


Backward  Induction  of  Armature, 
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Back^rard  Induction  of  Armature* — 

Induction  occurring  in  a  dynamo  armature 
counter  to  that  produced  by  the  field  mag- 
nets. 

Backward  Pitch. — A  left  handed  pitch 
of  the  armature  windings  as  seen  from  the 
commutator  end. 

Backward  Wave. — A  wave  of  electrical 
potential  that  is  conceived  of  as  setting  out 
from  the  negative  pole  of  a  dynamo  or  other 
generator,  and  taking  its  course  through  a 
circuit  in  direct  opposition  to  the  electro- 
motive force  produced  at  the  positive  pole. 

Bad  Earth. — A  name  given  to  a  condition 
of  the  ground  which  renders  it  a  poor  con- 
ductor of  electricity. 

Badig^on. — 1.  A  mixture  of  plaster,  stone 
powder  and  coloring  matter,  mixed  with 
water  to  a  paste,  used  for  stopping  holes, 
cracks  and  bad  places  in  stonework. 

2.  Also  a  compound  of  sawdust  and  glue 
for  repairing  defects  in  woodwork. 


Plate. — ^A  thin  plate  or  diaphragm 
used  to  deflect  or  retard  the  course  of  gases, 
etc. ;  as,  the  baffle  plates  inside  a  furnace 
door  or  those  fitted  on  the  tubes  of  a  water- 
tube  boiler. 

Bain,  Alexander.— Bom  1810,  died  1877. 
A  Scottish  electrician  and  inventor.  He 
came  to  London  as  a  journeyman  in  1837, 
and  thereafter  perfected  a  number  of  elec- 
trical inventions.  These  included  electri- 
cally operated  clocks;  an  earth  battery 
(1843) ;  an  apparatus  for  registering  a  ship's 
progress  (1844);  and  the  automatic  chemi- 
cal telegraph  (1846).  It  is  with  the  last 
invention  that  his  nnme  is  chiefly  aasociated,  and 
because  of  the  great  impetus  it  gave  to  telegraphy 
he  is  entitled  to  the  credit  of  being  the  pioneer  of 
the  modem  high  speed  telegraph. 

Bain*s  Chemical  Recorder. — A  mech- 
anism for  recording  a  telegraphic  message 
in  colored  dots  and  dashes  upon  a  strip  of 
sensitized  paper  by  the  electroljrtic  effect 
of  the  current  upon  the  chemical  solution 
with  which  the  paper  is  saturated. 

Bain*8  Printing*  Solntion. — ^The  solution 
employed  by  Bain  in  chemically  preparing 
paper  for  his  chemical  recorder. 

Bain  Telegraph  Code. — An  early  tele- 
graph code  adapted  for  use  in  Bain's  auto- 
matic system. 


Balance. — 1.  In  physics,  a  state  of  equi- 
librium or  counterpoise;  said  to  exist  when 
the  forces  and  momentum  of  a  mechanism 
are  so  adjusted  that  motion  is  uniform  and 
unattended  by  vibration  or  percussion. 
2.  A  delicate  form  of  scales  adapted  for 

the  minute  measurements  of  chemical  and  experi- 
mental work.  One  in  the  Royal  Mint  in  London 
is  so  delicate  that  it  shows  the  difference  in  Weight 
occasioned  by  writing  one's  name  with  pencil  on 
a  previously  weighed  piece  of  paper. 

Balance  Beam  Keter. — A  prepayment 
electricity  meter  consisting  of  a  balance 
lever  or  beam  at  one  end  of  which  is 
attached  a  copper  plate  inmiersed  in  a 
solution  of  copper  sulphate  contained  in  a 
copper  box.  Cups  to  hold,  respectively,  the  coins 
that  come  in  through  the  slot,  and  we  weights 
which  the  collector  substitutes  for  the  coins  when 
he  collects  them,  are  attached  to  the  lever  midway 
between  the  fulcrum  and  copper  plate.  At  the 
other  end  of  the  lever  a  weight  is  attached  which 
balances  the  copper  plate  and  cups.  The  action 
of  the  meter  depends  on  the  electrolysis  of  copper 
sulphate  with  copper  electrodes.  When  a  com  is 
placed  in  the  slot  it  falls  into  the  cup  and  its 
weight  brings  down  the  arm  and  copper  plate. 
This  automatically  completes  a  cireuit,  when  the 
current  is  used  causing  copper  to  be  deposited  on 
the  copper  box  from  the  copper  plate  until  the 
latter  nas  lost  sufficient  weignt  to  orin^  the  lever 
again  into  balance  which  breaks  the  circuit  thus 
cutting  off  the  current  supply. 

Balance  Box. — The  weighted  box  nmning 
on  the  projecting  tail  of  a  crane,  which 
serves  to  balance  the  load. 

Balance  Crane. — In  machinery,  a  crane 
in  which  the  load  is  counterbalanced  bv 
a  weight  attached  to  the  tail  or  hinder  end, 
the  amoimt  of  weight  depending  on  the 
distance  to  which  the  load  is  lifted,  the 
length  of  the  t^il,  and  the  disposition  of  the 
mass  of  the  crane  itself.  Balance  cranes  are  made 
both  fixed  and  portable  and  are  worked  by  hand 
or  power. 

Balanced  Armature. — An  armature  so 
evenly  built  up  about  its  axis  as  to  run 
without  jar  or  vibration. 

Balanced  Circuit. — An  electric  circuit  so 
adjusted  with  respect  to  neighboring  cir- 
cuits as  to  escape  the  influence  of  mutual 
induction. 

Balanced  Load. — A  load  which  is  borne 
in  equal  proportions  by  two  or  more  dyna- 
mos,      m 

Balanced  Kagnetic  Circuits. — ^Magnet- 
ic circuits  in  a  dynamo  armature  having 
the  flux  generated  in  the  magnetic  field 
evenly  distributed  throughout  the  coils. 


Balanced  Metallic  Circuit. 
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Balanced  Ketallic  Circuit* — A  metal- 
lic circuit  having  both  sides  alike  with  re- 
gard to  electrical  properties. 

Balanced  Polyphase  System* — A  poly- 
phase system  of  electric  distribution  having 
current  and  phase  synunetrically  distribu- 
ted through  all  its  branches;  balanced  mul- 
tiphase. 

Balanced  Reaction  Coil. — ^A  choking 
coil  in  connection  with  an  alternating  cur- 
rent transformer  which  preserves  the  cur- 
rent in  the  secondary  circuit  imif  orm  under 
changing  loads. 

Balanced  Relay. — A  relay  having  its 
armature  passive  when  equal  currents  trav- 
erse both  coils  in  opposite  directions  aroimd 
the  core. 

Balanced  Reelstance. — ^An  unknown  re- 
sistance which  has  been  balanced  by  the 
known  resistances  of  a  Wheatstone  bridge. 

Balanced  System. — 1.  A  system  of  elec- 
tric transmission  constructed  with  such 
precision  as  not  to  be  liable  to  induction 
disturtttuices  from  other  circuits. 

2.  In  a  three  wire  system  of  electric 
lighting,  a  condition  existing  when  the 
number  of  lamps  on  the  two  sides  of  the 
system  are  equal. 

Balance  Galvanometer. — ^A  galvanom- 
eter for  indicating  when  the  pressure  de- 
veloped by  a  dynamo  is  equal  to  the  bus  bar 
pressure,  when  a  fresh  a3mamo  is  to  be 
switched  into  a  circuit  for  the  purpose  of 
increasing  the  load. 

Balance  Indicsator. — 1.  Any  indicator  to 
show  the  occurrence  of  an  electric  balance. 
2.  In  the  three  wire  system,  an  instru- 
ment to  show  when  a  balance  of  the  poten- 
tials of  the  two  sides  of  the  system  is 
reached. 

Balance  of  Induction  In  Cable. — ^The 
result  of  counteracting  induction  effects  in 
a  cable  by  certain  opposite  efiPects. 

Balance  of  Telemaphic  Circuit. — In 

duplex  or  quadruplex  telegraphy,  a  "bal- 
ance "  preserved  between  the  mam  line  and 
the  artificial  line. 

Balance  Photometer. — A  photometer 
which  measures  the  intensity  of  light  by 
its  action  upon  iodide  of  nitrogen. 


Balance  Wheel. — In  machinery,  a  wheel 
which  imparts  regularity  to  the  movements 
of  any  engine  or  machine;  a.  flywheel. 

Balance  Wire. — The  neutral  or  central 
conductor  of  a  three  wire  system  of  electri- 
cal distribution;  the  neutral  wire. 

Balancing. — In  mechanics,  the  removal 
of  irregumrities  in  weight  from  those  por- 
tions of  a  revolving  body  where  it  is  in  ex- 
cess, in  order  to  equalize  the  strains  upon 
it  due  to  momentiun  and  centrifugal  force. 
Hence,  rapidly  revolving  pulleys  and  wheels 
are.  where  possible,  turned  ail  over.  When  that 
la  not  practicable  they  are  hung  on  a  free  spindle 
and  the  weight  of  the  heaviest  sides  reduced  in 
succession  by  drilling  out  holes,  or  in  other  ways 
removing  superfluous  metal.  Such  a  pulley  or 
wheel  is  tiien  said  to  be  balanced.  Another  mode 
of  balancing  is  when  a  balance  weight  is  attached 
to  a  driving  or  a  flywheel  to  counter-balance  the 
mass  of  a  crank,  or  an  eccentric  sheave,  or  similar 
projecting  portion  on  the  axle.  All  good  mechan- 
isms and  rapidly  revolving  parts  are  wub  balanced. 

Balancing^  Kethod. — In  measuring  re- 
sistances by  the  Wheatstone  bridge,  a 
method  of  balancing  the  four  resistances  of 
the  arms  so  that  a  sensitive  galvanometer, 
properly  connected  in  the  circuit,  will  show 
no  deflection. 

Balancing*  of  Telegraph  Line. — In  du- 
plex and  quadruplex  telegraphy,  a  balance 
of  resistance  and  static  capacity  maintained 
between  the  main  line  and  the  artificial  line, 
so  that  the  action  of  the  home  transmitting 
instruments  does  not  operate  the  home 
relays. 

Balancing  Resistance. — A  resistance 
for  the  purpose  of  balancing  one  dynamo 
with  another  running  in  parallel  with  it. 

Balancing  Set. — A  pair  of  small  dynamos 
coupled  together  and  introduced  between 
the  mains,  for  the  purpose  of  changing  from 
a  two  wire  to  a  three  wire  system  of  electric 
distribution. 

Balancing  Thermopile. — A  thermo-elec- 
tric battery  so  arranged  as  to  measure  very 
small  differences  in  the  temperatures  of  two 
bodies.    Also  called,  differential  thermopile. 

Balancing^  Transformer. — A  synchro- 
nizer consisting  of  two  transformers  having 
their  primaries  connected,  one  to  a  loaded 
and  ^he  other  to  an  idle  dynamo,  their  sec- 
ondaries connected  in  series  through  a  lamp : 
when  the  secondaries  are  cross  connected 
the  lamp  bums  brilliantly,  when  in  straight 
series  the  lamp  is  dark  at  synchronism. 
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Balikte* — ^An  elastic  gum,  obtained  from  a 
tree  which  grows  in  Venezuela,  the  Guianas 
and  the  West  Indies.  It  resembles  india- 
rubber  and  gutta-percha,  having  the  elas- 
ticity of  the  former  and  the  ductility  of  the 
latter.  It  is  largely  used  as  an  insula- 
ting medium  in  electrical  practice. 

Bail  and  Soeket  Joint. — ^A  joint  in 
which  a  ball  or  spherical  object  is  placed 
within  a  socket  recessed  to  fit  it,  thus  per- 
mitting free  motion  in  any  direction  within 
certain  limits.  A  ball  and  socket  mounting 
is  usually  applied  to  shafting  supports  to 
make  them  self-adjusting. 

Bailact. —  In  the  Nemst  lamp,  a  resistance 
consisting  of  iron  wire  in  a  ^ass  tube  con- 
taining nitrogen  in  series  with  the  glower. 
Hie  resistance  of  the  ballast  increases  with 
the  temperature  while  that  of  the  glower 
diminishes,  so  that  a  balance  results  be- 
tween thein,  and  the  current  becomes  con- 
stant. 

Bail  Bearing. — ^A  bearing  whose  loumal 
works  upon  nngs  of  balls,  which  roU  easily 
in  their  grooves  or  races.  Friction  upon  a 
series  of  points  is  thus  substituted  for  that 
upon  a  surface,  thereby  eliminating  a  con- 
siderable amount  of  the  total  friction.  The 
balk  are  made  of  hard  cast  iron  or  steel.  Fina 
and  epuiB  are  removed  on  an  emery  wheel,  then 
they  are  ground  to  shape  within  a  series  of  turn* 
bmg  b»rels,  the  fint  barrel  being  filled  with  balls 
and  daq,  the  next  with  balls  and  emery^  the  last 
with  balls,  flour  emery  and  leather  cUpptnga. 

Bailistio  Cvrre. — ^The  curve  actually 
followed  by  a  projectile  in  its  course 
through  the  air. 

Balliatic  Oaivanometer. — ^A  sensitive 
galvanometer  which  is  not  "dead-beat," 
employed  to  measure  the  capacity  of  tele- 
graph or  telei>hone  conductors.  When  a 
sudden  charge  is  passed  through  the  iostru- 
ment  the  needle  swings  off  in  proportion  to 
the  force  of  the  discharge. 

Balliatie  Method. — ^The  measurement  of 
a  magnetic  flux  by  the  use  of  a  ballistic 
galvanometer. 

BAlliatle  Pendnlum. — ^An  early  appara- 
tus for  measuring  the  velocity  ot  pro- 
jectiles; it  consists  of  a  heavy  pendulum 
which  is  swimg,  or  thrown,  by  the  force  of 
a  projectile  striking  against  it. 

Baillaiicfl« — ^The  science  that  deals  with 
the  path,  velocity  and  impact  of  projectiles. 


Bail  Joint. — A  universal  joint,  sometimes 
employed  in  piping.  The  globular  end  is 
retained  in  its  hollow  seating  with  a  gland 
screwed  over  it. 

Bail  Li^rhtiiiiiir. — ^A  kind  of  lightning  in 
the  form  of  baJis  of  fire  which  move  along 
slowly  and  then  explode  with  a  loud  report. 
It  is  of  rare  occurrence. 

Balloon  Bnoy. — A  balloon  shaped  buoy 
employed  in  submarine  cable  operations. 

Balloon  Signaling. — ^A  system  of  military 
signaling  by  means  of  telephone  connec- 
tions with  a  balloon  raised  to  overlook  the 
movements  of  the  enemy. 

Bajnboo. — ^The  stalk  of  a  giant  grass,  of 
which  there  are  many  varieties.  Tne  bam- 
boo is  used  for  very  many  purposes,  par- 
ticularly in  the  East,  where  it  furnishes 
material  for  building  and  for  a  large  variety 
of  useful  articles. 

Bamboo  Fll anient. — An  early  form  of  in- 
candescent lamp  filament  devised  by  Edi- 
son. It  consists  of  fiber  derived  from  the 
bamboo  and  subjected  to  the  carbonizing 
process. 

Banea  Tin. — ^Tin  ore  from  Malacca  and 
Banca;  it  is  the  purest  ore  known  and  is 
valued  accordingly.  It  is  sold  in  blocks 
weighing  from  40  to  120  lbs.  each. 

Band  Arc  Lamp. — ^An  arc  lamp  in  which 
the  upper  carbon  is  fed  down  by  the  action 
of  a  copper  strip  or  band  connected  with 
the  carbon  holder. 

Band  Speetmm. — A  spectrum  of  light,  in 
which  the  colors,  instead  of  shading  into 
one  another,  as  in  a  continuous  spectrum, 
are  broken  into  broad  lines,  or  bands. 

Bai^o. — In  pole  line  construction,  a  con- 
trivance for  tightening  a  wire,  consisting 
of  a  drum  mounted  upon  a  kite  shaped 
board. 

Banked  Battery* — 1.  A  battery  which  dis- 
tributes electricity  to  several  separate  cir- 
cuits. 

2.  A  battery  having  its  cells  connected 
in  parallel. 

Wanking  Fires. — ^A  practice  adopted  to 
check  combustion,  where  steam  has  to  be 
maintained  in  readiness  in  boilers;  as.  on  a 
steamship.    The  fires  are  raked  to  the 
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front  of  the  funiace,  and  smothered  with 
a^es  or  slack  coal,  the  suppressed  combus- 
tkm.  of  the  intecior  aifoidinc  suffioknt  heat  to 
maintiiin  the  heat  of  the  boilen  while  no  steam  is 
being  used. 


Trajtsfonners. — The  process  of 
'  er  a  group  of  transformers 


bringing  toj 
to  form  a  " 


>i 


B&nk  of  Lampfl. — A  cluster  of  electric 
lamps  mounted  upon  a  single  base,  used 
to  indicate  the  voltage  of  a  dynamo  which 
is  about  to  be  switched  into  a  circuit;  also 
called,  battery  of  lamps. 

Bjuak  of  Tnuisformenk — A  number  of 
transformers  grouped  together  for  con- 
venience in  changing  the  pressure. 

B.  A.  Ohm* — ^The  standard  ohm  of  the  Brit- 
ish Association.  It  is  the  resistance  of  a 
column  of  pure  mercury  one  square  milli- 
meter in  cross  section,  104.9  centhneters 
long,  and  at  a  temperature  of  (f  Centi- 
grade. 


. — A  unit  of  pressure,  equal  to  one 
dyne  per  square  centimeter. 

Bat  ArBUbtiire* — An  armature  having  con- 
ductors of  copper  strips  or  bars,  as  dis- 
tinguished from  a  wire  wound  armature. 

Bajrb  Bolt. — In  machinery,  one  having  jag- 
ged edges  to  prev^t  retraction  after  driv- 
ing; a  rag  boU. 


Carboiuu — Carbons  for  arc  lights  or 
battery  cells,  consisting  of  the  exposed  sub- 
stance without  a  metal  coating  of  any  kind. 

BarflTs  Process* — A  process  employed  to 
protect  iron  from  rust.  The  iron  is  first 
neated  to  redness,  and  steam  is  then  paraed 
over  it.  The  steam  being  decomposed  by 
the  iron,  oxygen  is  liberated  which  imme- 
diately attacks  the  iron  and  forms  a  pro- 
tective coating  of  magnetic  or  black  oxide. 

Bar  Iron. — A  sfiop  term  for  wrought  iron 
when  rolled  into  long  bars  of  plain  sections 
or  round,  flat,  square,  etc. 


_       — ^A  magnet  in  the  form  of  a 
short  straight  bar. 

Barognwph. — A  recording  barometer,  in 
which  the  motions  of  an  aneroid  are  con- 
ducted by  linkwork  to  a  tracing  point, 
moving  it  over  a  traveling  roll  of  gradfuated 


paper,  thus  registering  variations  in  atmos- 
pheric pressure. 

Barometer. — ^An  instrument  for  measuring 
the  pressure  of  the  atmosphere.  The  mer- 
curial barometer  is  a  glass  tube  33  to  34 
inches  high,  sealed  at  the  top,  filled  with 
pure  meitsuiy  and  inverted  in  an  open  cup 
of  mercuiy.  A  graduated  scale  on  the 
instrument  pennits  obeervations  of  the  fluetuar 
tions  in  the  height  of  the  mercurial  ooliimn.  which 
is  hi^iest  when  the  atmosphere  n  dry,  weiffhing 
more  then  than  when  saturated  with  aqueotiB 
vapor,  which  is  lighter  than  air.  The  height  of 
barometric  measuremoit  is  sbout  30  iaohes. 

Barometric  Column. — The  column  of 
mercmy  supported  in  a  barometer  tube  by 
the  pressure  of  the  atmosphere. 

Barometrie  Gradient* — In  meteorology, 
the  difference  of  barometric  pressure  in  a 
given  distance  measured  between  two 
isobars. 

Barrel  of  Jack. — ^The  cylinder  of  a  tubu- 
lar jack  ia  a  telephone  switchboard,  into 
which  the  connectmg  plug  is  inserted. 

Bajrrel  Winding^* — A  form  of  direct  cur- 
rent armature  winding  in  which  the  end 
connectors  of  the  form  wound  coils  are 
carried  out  in  line  with  the  winding  suiface 
of  the  armature,  thereby  giving  the  arma- 
ture greater  length  and  exposing  the  con- 
nectors to  the  cooling  influence  of  the  air. 


J. — In  steam  engineering,  the  turn- 
ing round  of  an  engine  flywheel  with  an 
iron  bar,  to  get  the  engine  over  the  dead 
center  in  readiness  to  start.  Points  of 
leverage  are  afforded  by  fixed  pins,  suitably 
placed  adjacent,  and  a  few  holes  are  drilled 
m  the  flywheel  to  take  the  point  of  the  bar.  Abo 
the  initial  turning  of  a  large  engine  by  a  smaller 
engine. 

Barring  Eng^e* — A  small  auxiliary  en- 
gine used  to  revolve  lar^  stationary 
engines,  either  to  turn  them  in  the  proper 
position  for  starting,  or  to  move  them 
during  overhaul. 

Barrow  Reel* — A  reel  employed  in  pole 
line  construction  for  carrying  a  coil  of  wire 
upon  a  wire  barrow. 

Bars  of  Commntatore. — ^A  part  of  the 
conunutator  of  a  motor  or  generator,  con- 
sisting of  a  series  of  metal  segments  made 
of  copper  or  brass  and  insulated  from  one 
another. 
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Bar  Windings. — Coi)per  strips,  or  bars, 
used  instead  of  wire  windings  as  conductors 
upon  an  armature. 

Base* — 1.  The  bottom  of  anything  consid- 
ered as  its  support,  or  the  part  oi  a  thing 
on  which  it  stands  or  rests;  as,  the  hose  of 
a  column. 

2.  In  chemistry,  a  body  which  can  com- 
bine with  an  acid  to  form  a  salt.  Bases 
are  classified  as  follows:  (1)  Oxides,  such  as  quick- 
lime or  magnesia;  (2)  hydrates,  as  caustic  soda,  or 
slaked  lime;  (3)  a  class  represented  by  ammonia 
and  its  derivatives.  Certain  bases  are  caustic, 
I)ossess  an  alkaline  or  astringent  taste,  and  turn 
red  litmus  paper  blue,  these  being  more  popularly 
known  as  (Ukada. 

Base  Plate. — A  heavy  iron  piece  used  as  a 
foundation  for  a  machine;  specifically,  a 
casting,  provided  with  horizontal  adjusting 
wedges,  which  is  used  to  support  pillow- 
blocks  when  mounted  in  wall  boxes  or  on 
pedestals. 

Basis  MetaL — In  electroplating,  the  metal 
upon  which  another  metal  is  to  be  de- 
posited. 

Bat  Bolt. — In  machinery,  a  bolt  barbed  or 
jagged  at  its  butt  or  tang,  to  retain  it  within 
an  object  cast,  or  solidified  about  it. 

Batch  Working. — ^A  method  of  despatch- 
ing telegraph  messages  by  sending  them  in 
"batches"  in  one  direction,  and  a  number 
in  turn  in  the  other  direction,  as  opposed 
to  up  and  down  working. 

Bath. — 1.  Any  receptacle  containing  a  liq- 
uid, fluid  or  molten  metal,  into  which 
articles  are  dipped  in  manufacturing  pro- 
cesses, to  clean  their  surfaces,  or  to  cover 
them  with  a  coating  of  the  fluid  body;  as,  in 
tinning. 

2.  In  electroplatinc;,  a  vessel  containing  an  acid 
solution  of  some  metal,  in  which  articles  are  im- 
mersed for  the  purpose  of  covering  them  with  the 
coat  of  the  metal  in  solution,  by  electro  deposition. 

3.  A  bath  fitted  with  connections  and  elec- 
trodes for  treating  patienta  with  electricity;  an 
electro-therapeutic  bath. 

Battening  Rule. — In  building  construc- 
tion, a  rule  or  templet  by  which  the  batter 
or  slope  of  a  retainmg  or  breast  wall  is  regu- 
lated while  building. 

Battery. — A  number  of  primary  or  storage 
cells,  condensers,  or  djiiamos  grouped  to- 
gether as  a  single  source  of  electricity.  A 
term  conmionly,  though  incorrectly,  ap- 
plied to  a  single  cell. 


Battery  Oau^. — ^A  simple  handy  form 
of  galvanometer  for  ordinary  use  in  testing 
electric  batteries. 

Battery  Jar. — ^The  vessel  which  holds  the 
solution  and  electrodes,  forming  one  of  the 
cells  of  an  electric  battery. 

Battery  Lamp. — An  incandescent  lamp 
which  is  maintained  by  the  current  sup- 
plied by  a  small  series  connected  batteiy. 

Battery  Meter. — ^A  small  instrument 
about  the  same  size  and  shape  as  a  watch 
for  testing  the  voltage  and  amperage  of 
batteries.  As  usually  constructed  its  range 
will  cover  two  cells  of  a  primary  or  one  cell 
of  a  storage  battery. 

Battery  Motor. — ^A  motor  capable  of  be- 
ing driven  by  the  electro-motive  force  gen- 
erated by  an  electric  battery. 

Battery  Mud. — ^A  muddy  sediment,  con- 
sisting of  metallic  copper,  deposited  by  the 
zinc  in  a  gravity  cell  after  wasteful  action. 

Battery  of  Alternators. — Several  alter- 
nating current  dynamos  so  joined  as  to 
serve  as  a  single  electric  source. 

Battery  of  Generators. — Several  gene- 
rators connected  as  a  single  electric  source. 

Battery  of  Lamps. — A  panel  containing  a 
group  of' lamps  used  for  obtaining  a  load, 
etc. 

Battery  Protector. — An  automatic  de- 
vice for  opening  the  circuit  when  a  battery 
is  accidentally  grounded. 

Battel^  Railway  System. — A  system  of 
electric  traction  by  storage  batteries  carried 
on  the  cars;  storage  battery  traction. 

Battery  Solution. — ^The  solution  which 
acts  chemically  upon  the  metallic  plates  in 
a  battery  cell,  and  thus  generates  the  elec- 
tric current;  the  electrolyte. 

Battery  Stand. — An  insulated  support  for 
an  electric  battery. 

Battery  Switch. — A  device  employed  in  a 
storage  battery  installation  for  cutting  cells 
in  or  out  of  cmsuit  in  order  to  maintain  a 
constant  voltage;  an  end  cell  stoitch. 
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Battery  Syringr®* — ^  syringe  for  the  pur- 
pose of  handling  the  electrolytic  solution 
either  when  filling  or  emptying  a  battery 
cell. 

Battery  Transfbrmer. — ^A  transformer 
designed  to  increase  the  pressure  of  a  bat- 
tery current. 

Battery  Zincs.— The  negative  (— )  elec- 
trodes of  a  primary  battery. 

B.  A.  U. — ^Abbreviation  for  British  Associa- 
tion unit. 

Bauxite. — A  mineral  from  which  aluminum 
is  derived.  The  ore,  which  occurs  in  the 
southern  states  of  the  U.  S.,  is  first  treated 
by  chemical  processes  to  remove  the  im- 
purities and  reduce  it  to  aluminum  oxide, 
conunonly  known  as  alumina.  Alumina  is 
then  acted  upon  by  electrolysis  with  high 
temperature,  and  pure  metallic  aluminum 
is  deposited. 

Bay  Bolt% — ^A  bolt  with  a  barbed  shank. 

Bead  Areometer. — A  variety  of  areom- 
eter or  hydrometer  containing  beads  of 
di£ferent  specific  gravities  for  the  purpose 
of  readily  ascertaining  the  density  of  the 
solution  in  a  storage  battery  cell;  a  bead 
kydrometer. 


„ Cable. — ^A  cable  suitable  for  high 

tension  work  having  an  outside  protection 
of  poroelarn  beads. 


Tubes. — ^The  ends  of  boiler  tubes, 

after  being  expanded  are  beaded  or  rounded 
with  a  beading  tool,  just  as  rivet  heads  are 
finished  with  a  die  or  snap. 

Bead  Id^htnin^. — An  unusual  form  of 
lightning  flash  having  the  appearance  of  a 
broken  line,  suggesting  a  resemblance  to  a 
string  of  beads. 

Beaker. — ^A  cylindrical  glass  vessel,  having 
a  wide  flangwi  foot  and  a  lip  for  pouring. 
Much  used  for  containing  or  measuring 
liquids  in  a  laboratory,  being  generally 
graduated  to  mark  its  contents  in  cubic 
centimeters. 

Bearinf^. — 1.  A  support  upon  which  any- 
thing rests. 

2.  The  area  or  length  of  the  sustamed 
piece  which  rests  upon  the  support  or  is  in 
contact  with  it. 


3.  A  support  for  a  revolving  shaft  or  the 
like;  the  bearing  is  composed  of  various  parts;  the 
joumaU  or  bearings  of  the  shaft;  the  broas  box  or 
step  in  which  the  journal  rotates;  the  block,  pedestal 
or  frame  supporting  and  enclosing  the  brass;  and 
the  keep  or  cap  which  secures  the  whole  together 
by  aid  of  bolts  or  studs. 

Bearing  Pressure. — 1.  In  mechanics,  the 
action  of  force  of  bearing  or  resting;  as,  the* 
pressure  of  a  beam  on  a  wall. 

2.  The  pressure  of  a  revolving  shaft 
upon  its  Dearing;  usually  measured  in 
pounds  per  square  inch  of  projected  area. 

Bearing  Snrlkice. — 1.  The  projected  area 
of  the  surface  upon  which  a  shaft  rotates. 

2.  The  surfaces  of  bearing  parts  which 
are  in  mutual  contact.  The  larger  the  total 
bearing  surface,  the  less  the  amount  of  fric- 
tion per  unit  of  surface,  since  pressure  is 
then  distributed  over  a  larger  area. 

Beaume's  Hydrometer. — Two  different 
instruments  are  known  by  this  name,  one 
for  liquids  heavier  than  water,  and  the 
other,  more  generally  used,  for  those  liquids 
lighter  than  water.  In  the  first,  the  hydrom- 
eter floats  at  0°  in  pure  water,  and  the 
stem  is  usually  graduated  up  to  66*'  which  equals 
the  specific  gravity  of  sulphuric  acid.  With  the 
second,  the  stem  uiows  10°  in  pure  water,  and  is 
graduated  up  to  90°.  To  avoid  long  stems,  instru- 
ments of  both  types  are  made  to  cover  only  a  small 
range  of  degrees,  one  hydrometer  being  employed 
for  use  from  10°  to  40°,  and  another  to  show  from 
40°  to  70°. 

Becket. — 1.  A  rop>e  grommet  used  as  a 
handle  for  lifting  articles. 

2.  A  wooden  cleat  or  hook  for  securing 
lines. 

3.  A  loop  or  cleat  of  any  material  through 
which  a  fastening  may  be  passed. 

4.  A  short  length  of  line  with  an  eye  at  one  end 
and  a  knot  at  tibe  otiber  to  secure  articles  tempora- 
rily together. 

5.  A  loop  at  the  lower  end  of  a  wooden  block, 
to  which  the  standing  part  of  the  fall  is  made  fast. 

Becqnerel*  iUexandre  Edmond. — Bom 

1820,  died  1891.  A  French  physicist,  son 
of  A.  C.  Becquerel,  distinguished  for  his 
investigations  on  electric  light,  phosphores- 
cence, fluorescence,  etc. 

Beeqaerel,  Antoine  Cesar. — Born  1788, 
died  1878.  A  French  physicist  distin- 
guished for  his  investigations  in  electricity 
and  electro-chemistry. 

Becquerel,  Antoine  Henri. — ^Bom  1852, 
di^  1908.  A  French  scientist,  son  of  A. 
E.  Becquerel.  He  was  the  discoverer 
(1896)    of   the   emission   from    luminous 
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bodies  of  invisible  penetrating  radiations, 
now  known  as  Becauerel  rays,  thereby  lay- 
ing the  foundation  of  we  scienoe  of  ndio-aotivity. 
In  1900,  the  Royal  Society  of  London  awarded 
him  the  Rumford  Medal,  and  in  1903  he  was  one 
of  the  recipientB  of  the  Nobel  Piixe. 

Becqnerel  Rays. — The  radiation  discov- 

•  ered  by  A.  E.  Becquerel  to  be  a  property  of 

the  metal  uranium,  due  neither  to  phos- 

Ehorescence  nor  to  absorption  of  sumight, 
ut  inherent  in  the  metal  itself  as  a  new 
property,  now  known  as  radio-acHvity. 

Bedding  Brasses. — ^The  operation  of  ad- 
justing the  journals  of  a  shaft  and  its  bcAr- 
mgs  to  each  other.  After  the  machine 
work  has  been  completed  as  accurately  as 
possible,  the  shaft  is  smeared  with  red 
marking,  placed  in  its  bearings  and  rotated; 
when  taken  apart  the  points  in  contact  have 
displaced  the  marking,  and  these  hif^  places 
are  reduced  with  scrapen  until,  after  repeated 
triab,  both  surfaces  present  a  unifonn  appear- 
ance. 

Bed  Plate. — ^A  casting  forming  the  founda- 
tion of  a  dynamo,  or  other  machine,  and  so 
designed  as  to  give  the  proper  support  to 
the  sfaftif  t  bearings  and  other  parts  resting 
upon  it. 

Be^9  or  Bec^ — ^A  prefix  often  used  with  a 
physical  unit  to  designate  a  quantity  a 
billion  times  as  great. 

Beg^adyne. — ^A  force  equal  to  one  biUion 
dynes, 

Be^  Er^. — ^An  amount  of  work  equal  to 
one  biilion  ergs. 

Beff  Ohm. — ^A  resistance  equal  to  one  hiUion 
ohms. 

Bell. — ^An  electric  device  for  vibrating  a 
hammer  so  that  it  beats  against  a  bell.  It 
operates  by  an  electro-magnet  which  at- 
tracts an  armature  or  piece  of  soft  iron 
forming  part  of  the  hanmier  lever,  the  at- 
traction ceasing  when  the  circuit  is  broken 
by  the  contact  breaker,  the  hammer  being  drawn 
back  to  its  original  position  by  a  spring  whereby 
the  circuit  is  closed  and  the  operation  repeated. 

Belly  Alexander  Ckraham. — ^Bom  1847. 
An  American  inventor  and  experimenter, 
distinguished  for  his  invention  of  the  tele- 
phone. Though  bom  in  Scotland,  he  came 
to  America,  in  1870,  becoming  professor  of 
vocal  physiology  in  Boston  University  in 
1872.  His  experiments  on  sound  transmission 
led  to  the  invention  of  the  speaking  telephone  for 
which  he  obtained  a  patent  Feb.  14,  1876.    His 


claintf  being  disputed  by  other  inventors,-  notably 
Elisha  Grur,  he  carried  the  matter  to  the  Supreme 
Court  of  toe  U.  S.  which  sustained  his  rights  to 
the  invention,  and  he  is  now  given  credit  for  being 
the  first  to  put  the  principles  of  telephony  into 
practical  application.  He  also  inventea  the  photo- 
phone  (18ou)  and  the  gramophone,  and  has  been 
active  in  scientifio  investigations  in  various  other 
fields. 

Bell  and  Spi^t  Joint. — ^The  customary 
method  of  jomting  cast  iron  gas  or  water 

Elpes.  Spun  yam  is  first  stemmed  into  the 
ottom  of  the  annulus  formed  by  the  spigot 
of  one  length  and  the  hdl  of  the  next.  A 
mould  of  fire  clay  is  placed  over  the  end  of 
the  pipe  and  the  remainder  of  the  groove  poured 
full  of  molten  lead.  When  cool,  the  fixe  clay  is  re- 
moved and  the  lead  caulked  around  the  joint, 
beginning  at  the  bottom. 

Bell  Armature. — ^A  bar  of  soft  iron  to 
which  the  hammer  lever  of  an  electric  bell 
is  attached;  it  is  held  in  position  between 
the  electro-magnet  and  contact  breaker  pin 
by  a  flat  spring  attached  to  the  frame  of  the 
beU. 

Bell  Box. — ^A  box  for  holding  a  telephone 
bell. 

Bell  Hancer^s  Joint. — ^A  method  of  con- 
necting Ske  ends  of  telegraph  or  telephone 
wires  by  a  simple  loop. 

Bell  Metal. — ^A  bronse  containing  about 
80%  copper  and  20%  tin,  sine  being  added 
for  large  church  belLs,  while  chimes  are  cast 
from  87^%  copper  and  12}%  tin. 

Bell  Poll*  Eleetrle. — ^A  mechanism  for 
ringing  an  electric  bell  by  the  action  of  a 

Bell  Shaped  Magnet. — ^A  peculiar  form 
of  horseshoe  magnet,  shaped  like  a  split 
cylinder,  for  use  in  certain  varieties  of 
galvanometers. 

Bell  Switeh. — ^A  switch  for  cutting  a  bell 
out  of  circuit. 

Belt. — ^A  band  of  leather  or  other  fle3dble 
substance,  passing  around  two  wheels, 
communicatmg  motion  from  one  to  the 
other.  Belts  can  be  made  of  any  flexible 
material,  cloth,  rubber,  leather,  and  can  be 
run  in  any  way,  at  any  angle,  of  any  length, 
and  any  speed.  The  working  adhesion  of  a  belt 
to  the  pulley  will  be  in  proportion  both  to  the 
number  of  square  inches  of  belt  contact  with  the 
surface  of  the  smaller  pulley,  and  also  to  the  arc 
of  the  circumference  of  the  pulley  embraced  by  the 
belt.  This  adhesion  forms  the  basis  of  correct 
calculation  in  ascertaining  the  width  of  belt  neoee- 
saiy  to  transmit  a  given  none  power. 
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Belt  Circuit. — ^A  circuit  for  electric  lighting 
connected  in  series,  and  forming  an  ex- 
tended loop  instead  of  running  in  two 
neighboring  parallel  lines. 

Beit  Clamp* — A  device  consisting  of  a 
stretching  frame,  the  two  ends  of  which  are 
coupled  by  screwed  bars;  used  for  pulling 
the  two  ends  of  a  belt  together  with  the 
proper  tension,  when  lacing  or  joining  the 
end^. 

Belt  Dreeaing, — ^A  paste  applied  aa  a  pre- 
servative to  leather  driving  belts,  rendering 
them  soft  and  pliable,  thus  securing  better 
adhesion  and  improved  driving  power. 
The  best  compounds  are  a  mixture  of  fish 
and  animal  oils;  sav,  cod  liver  oil  and  tallow, 
melted  together  nnd  incorporated  while  warm, 
ooolinc  to  an  ointment.  This  is  worked  into  both 
sides  of  the  belt  with  a  square  brush,  such  as  is 
joed  for  polishing  shoes.  Boiled  linseed  oil  is 
said  to  be  the  best  dressing  for  cotton  belting. 

Belt  DriTe. — ^The  transmission  of  power 
from  a  prime  mover  by  means  of  belts  and 
pulleys,  as  distinguished  from  direct  drive. 

Belt  DriTen  Dynamo* — A  dynamo  driven 
by  a  belt  connected  with  the  motive  power, 
as  distinguished  from  one  that  is  direct 
driven. 

Belt  Fastener* — A  device  or  contrivance 
for  uniting  the  ends  of  belting,  many  di- 
verse types  being  used  as  a  substitute  for 
leather  laces.  Be2t  Aoo^  are  curved  pieces 
of  brass  or  copper  wire,  with  each  end 
hooked  towards  the  middle;  the  fastener  is 
placed  inside  the  belt,  a  hook  pnmcd  through 
either  end  of  the  latter,  and  the  pomts  of  the  hooks 
flattened  down  on  the  outside,  to  secure  the  joint. 
BeU  studs  are  made  of  brass  and  resemble  the  letter 
I.  The  two  belt  ends  are  opposed  to  each  other 
and  slitted  back  to  back  by  a  special  cutter;  the 
stud  is  inserted  edgewise  through  both  pieces, 
turned  half  around  when  in  place,  thus  completing 
the  fastening;.  Other  fasteners  consist  of  metallio 
plates  furnished  with  numerous  vertical  teeth, 
these  are  driven  through  the  belt  and  clinched 
over  the  plate,  forming  a  sort  of  butt  strap. 

Belt  Lacingp* — ^Thongs  of  soft  oil  tanned 
leather  used  to  fasten  driving  belts,  being 
threaded  from  hole  to  hole  in  either  end  of 
the  same. 

Belt  of  Current* — ^The  electric  current 
produced  by  an  armature  considered  as 
making  one  complete  revolution,  or  &ett, 
around  the  armature. 

Belt  Stretcher* — In  millwrighting,  a  mech- 
anism employed  to  stretch  new  leather 


belting.  But  belts  are  stretched  veiy  com- 
monly by  being  suspended  in  a  loop  from 
above  and  loaded  with  weights.  All  new 
belts  must  be  stretched  before  using,  other- 
wise they  will  soon  have  to  be  tidcen  up, 
shortened  and  relaced. 

Belt  Tension* — ^The  ultimate  strength  of 
leather  belts  varies  from  3,000  to  5,000  lbs. 
per  square  inch.  But  at  the  laced  joints 
the  strength  is  only  30%  of  those  values, 
or  from  900  to  1500  lbs.  per  square  inch. 
The  working  tension  should  not  exceed 
about  300  lbs.  a  square  inch.  A  good  rule  is  20 
lbs.  per  int^  of  width  for  each  ^  indi  in  thickness 
of  the  belt.    Tlie  tensile  strain  is  found  by  multi- 

E lying  the  number  of  the  H.  P.  to  be  transmitted 
y  33,000  and  dividing  the  product  by  the  vek>cil7 
or  the  rim  of  the  puUey  in  feet  per  minute.  .Thw 
represents  the  strain  in  pounds  upon  the  driving 
side  independently  of  the  initial  tension  produci]i|| 
adhesion  between  the  pulley  and  the  belt.  Tins 
initial  tension  dbould  be  sufficient  in  amount  to 
prevent  slipping  on  either  of  the  puU^ys  at  the 
moment  of  starting. 

Bending  Moment* — ^In  mechanics,  tend- 
ency or  measure  of  tendency  to  produce 
bending. 

Bending  Stress* — ^In  physics,  a  force  act- 
ing upon  some  member  of  a  structure 
tending  to  deform  it  by  bending  or  flexure, 
the  effect  of  this  force  causes  bending 
strain  on  the  fibers  of  the  material  of  which 
the  part  is  composed. 

Berrite* — An  impregnating  gum  employed 
for  insulating  cloth  and  paper.  It  is  brit- 
tle, but  has  nigh  disruptive  strength,  and 
is  not  affected  by  great  heat. 

Bessemer  Proeess* — ^A  method  of  pro- 
ducing mild  steel  directly  from  cast  iron. 
The  process  is  carried  on  in  a  converter,  an 
egg-shaped  retort,  swinging  upon  trun- 
nions, tnrough  which  a  powerful  current  of 
air  is  blown.  The  converter  is  charged 
with  molten  iron  from  the  blast  furnace  while  in  a 
horisontal  position,  and  is  swun^  into  the  vertical 
as  the  blast  is  applied.  The  sihoon  floats  as  slag 
on  the  surface  and  is  removed  separately;  the 
ozysen  of  the  air  bums  away  other  impurities  and 
conioines  with  the  caibon.  The  spectroscope  is 
used  to  watch  the  mouth  of  the  converter,  to  notify 
when  the  carbon  disappears  from  the  spectrum  of 
the  flame:  when  freed  from  caibon.  the  converter 
is  swung  through  a  small  arc  and  a  measured  quan- 
tity of  ferro  manganese  or  spisffHeisen  added  to 
insure  the  right  percentage  of  carbon,  the  blast 
being  once  more  applied  to  effect  thorough  incor- 

E oration.     Subsequentiy  the  converter  is  lowered 
orisontally.  and  emptied  into  ladles,  whence  its 
contents  are  oast  as  ingots. 

Best  Best  Iron  Wire* — ^A  superior  grade 
of  iron  wire  intermediate  in  quality  between 
extra  best  best  and  best. 
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Best  Iron  Wire. — ^The  poorest  grade  of 
iron  wire  for  electrical  purposes,  so  called 
in  distinction  from  best  beti  and  ex*ra  best 
best. 

Beta  ((3)  Rays* — One  of  the  three  types  of 
rays  emitted  by  radio-active  substances. 
Beta  rays  are  regarded  as  negatively 
charged  material  particles  given  off  with 
very  great  velocity,  having  moderate  pen- 
etrating power,  comparatively  small  power 
to  ionise  a  gxis,  small  effect  on  a  photographic 
plate,  a  velocity  equal  to  that  of  light,  in  fact 
they  are  practically  identical  with  oathode  rays 
except  in  velocity  of  motion. 

Beton. — A  European  name  for  concrete, 
made  according  to  the  system  of  its  inven- 
tor, M.  Coignet. 

Betty. — ^A  round  iron  bar  flattened  to  a 
chisel  like  expansion  at  one  end  and  used 
for  raising  heavy  weights  through  a  short 
distance;  for  pushing  cars  along  a  line  of 
rails  through  a  limited  distance,  and  gen- 
erally for  the  application  of  a  large  leverage 
for  a  temporary  purpose. 

Bevel  Gearing. — ^An  arrangement  of  bev- 
eled wheels  for  the  transmission  of  motion 
from  one  shaft  to  another,  almost  any  angle 
being  included  by  adaptations  of  the  prin- 
ciple. 

Bevel  Square. — ^A  square  whose  blade  may 
be  set  to  any  required  angle  in  the  stock 
that  holds  it. 

Bias  of  Relay  Ton^e. — In  duplex  teleg- 
raphy, a  one  sided  adjustment  of  the  arma- 
ture or  tongue  of  the  polarized  relay,  such 
that  when  no  current  flows  it  rests  against 
the  nearest  pole  or  the  insulated  stop. 

Bi-carbonate  of  Lime. — In  steam  engi- 
neering, the  principal  compound  to  whose 
deposition  the  incrustation  of  steam  boilers 
and  water  pipes  is  due.  It  is  at  first  held 
in  solution  in  the  water  as  a  bi-carbonate, 

by  the  excess  of  carbonic  acid.  This  excess 
being^  driven  off  by  heat,  the  carbonate  of  lime 
remains  as  a  floury  or  muddy  deposit,  its  precise 
condition  varying  with  the  nature  of  the  salts 
with  which  it  is  usually  accompanied.  In  the 
presence  of  heat  it  hardens  and  forms  an  injurious 
scale. 

Bi-ehromate  Cell. — A  single  fluid  cell  con- 
sisting of  two  plates  of  gas  retort  carbon  as 
the  negative  element,  and  between  them 
a  single  plate  of  zinc;  the  exciting  liquid  is 
composed  of  a  saturated  solution  of  potas- 
sium bi-chromate  in  water  and  strong  sul- 
phuric acid ;  also  known  as  Poggendorf's  cdl. 


Bi-chromate  of  Potash. — Properly,  po^ 
tassium  birchromaiey  the  salt  oi  chromic 
acid,  with  the  metal  potassium.  It  is  a  red 
crystalline  soUd,  soluble  in  water  but  insolu- 
ble in  alcohol,  and  very  poisonous.  The 
bi-chromate  is  used  in  analyzing  iron,  as  a 
reagent  in  various  processes,  and  in  primary 
batteries. 

Bicro. — ^A  prefix  often  used  with  a  physical 
unit  to  designate  one^biUiordh  part  of  that 
imit. 

Bicycle  Car* — An  electric  car  running 
upon  a  single  rail,  and  kept  erect  by  ^e  aid 
of  a  guide  rail. 

Bicycle  Lamp,  Electric. — ^A  bicycle  lamp 
supplied  with  a  small  battery  capable  of 
sustaining  an  incandescent  light. 

Billlar  Control  of  Galvanometer 
Needle. — A  method  of  controlling  the 
needle  of  a  galvanometer  so  that  it  is  re- 
stored to  its  original  position,  after  deflec- 
tion, by  the  action  of  the  two  threads  in 
bifilar  suspension. 

Bifllar  Suspension* — Suspension  by  two 
equally  long  threads,  as  a  means  of  measiir^ 
ing  forces  of  rotation. 

Bifllar  Winding* — A  method  of  winding 
resistance  coils,  m  which  the  wire  is  doubled 
before  it  is  laid  on,  so  as  to  overcome  self 
induction. 

Bi^ht. — The  loop  in  a  cable  or  wire. 

Billet. — A  short  rectangular  bar  of  mild 
steel,  wrought  iron  or  piled  scrap,  meas- 
uring about  18  inches  long  by  3  inches 
square.  Sted  billets  are  produced  for  rol- 
ling into  plates  for  tinning;  others  are  made 
for  manufacturing  small  sections  of  finished 
iron  or  steel,  or  for  smiths'  use. 

Billion. — According  to  the  French  and 
American  method  of  numeration,  a  thou- 
sand miUions  or  1,000,000,000;  according  to 
the  English  numeration  a  million  milliorts 
or  1,000,000,000,000. 

Bimetallic  Accumulator. — ^A  secondary 
or  storage  cell  containing  two  electrodes  of 
different  metals. 

Bimetallic  Helix. — ^A  coil  composed  of 
wires  of  two  different  metals  which  are  so 
joined  that  the  spiral  is  acted  on  by  the  un- 
equal expansion  or  contraction  of  the  two 
wires. 
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Bimeiallie  Thermometer. — A  thermom- 
eter composed  of  a  bar  of  two  metals  having 
different  rates  of  expansion,  brazed  to- 
gether or  built  into  a  helix  or  spiral,  which, 
under  torsion  brought  about  by  changes  of 
temperature,  moves  an  index  upon  a  scale. 

Bimetallic  Thermostat. — A  thermostat 
for  opening  or  closing  an  electric  circuit  by 
the  action  of  the  temperature  upon  a  spring 
or  scale  of  two  different  metals  welded  to- 
gether. 

Bimetallie  Wire. — A  steel  wire  with  an 
external  coating  of  copper.  It  can  be  used 
for  long  spans  on  account  of  the  high  ten- 
sile strength  of  the  steel.  Also  called  com- 
posite wire. 

Binary  Compound. — In  chemistry,  a 
compound  of  two  elements  or  radicals  act- 
ing as  a  single  element. 

Binder  Polle^. — A  pulley,  the  sole  func- 
tion of  which  18  to  bind  or  tighten  a  belt  or 
cord  on  its  driving  and  driven  pulleys,  when 
owing  to  extension  or  shrinkage  of  the  belt 
or  cord,  the  tension  becomes  variable  in 
amount.  The  binder  pulley  is  properly 
made  adjustable. 

Binding  Coils. — Coils  of  wire  wound  out- 
side the  windings  of  an  armature  to  hold 
them  firmly  in  place  against  the  loosening 
tendency  of  the  centnfugal  force  of  the 
rotation. 

Bindin^p  Post. — ^A  metal  post  furnished 
with  a  screw  for  securing  the  end  of  an 
electric  wire.  The  wire  is  sometimes  in- 
serted in  a  hole,  having  a  screw  tapped  in 
at  right  angles  and  screwed  down  upon 
the  wire.  In  other  types  of  binding  posts, 
the  wire  is  clamped  between  two  shouldeiB,  one 
on  the  post  and  one  on  the  screw;  a  flat  headed 
thumb  screw  having  a  milled  edge,  is  often  used ; 
alK>,  a  screw  having  a  slot*  so  as  to  be  turned  by 
a  screw  driver. 

Binding  Wire. — 1.  The  tie  wire  for  fasten- 
ing a  telegraph  wire  to  an  insulator. 

2.  Fine  copper  or  brass  wire,  about  40  S. 
W.  G.,  used  for  wrapping  aroimd  joints  and 
splices  in  wire  work,  and  for  many  other 
useful  purposes. 

Binnacle* — A  stand  or  case  for  a  ship's 
compass,  provided  with  lamps  for  illumi- 
nating the  dial  and  usually  located  beside 
the  steering  wheel. 


Bioscopy*  Eleetrie. — ^The  application  of 
an  electric  current  to  the  nerves  or  muscles 
of  the  hiunan  body  to  determine  whether 
or  not  life  is  extinct  in  doubtful  cases  of 
apparent  death. 


Biphase. — A  term  sometimes  used  for  two 
phase;  as,  a  biphase  alternating  current. 

Bipolar. — ^Having  two  magnetic  poles  ;  di- 
polar. 

Bipolar  Armature  Winding. — ^Winding 
an  armature  in  such  a  manner  as  will  adapt 
it  for  use  in  a  bipolar  magnetic  field. 

Bipolar  Dynamo* — ^An  electric  generaror 
having  a  magnetic  field  produced  by  two 
opposite  poles. 

Bipolar  Magnetic  Field* — ^A  magnetic 
neld  created  between  two  magnetic  poles. 

Bipolar  Receiver. — A  form  of  telephone 
receiver  in  which  both  poles  of  the  efcctro- 
magnet  are  presented  to  the  diaphragm  in 
order  to  strengthen  the  field;  a  double  pole 
or  tioo  pole  receiver. 

Bird  Ca^e. — A  laceration  of  a  submarine 
cable  in  which  the  sheathing  is  torn  away 
and  the  conductors  protrude  like  a  wire 
cage. 

Birmingham  Wire  Oan^e. — Formerly 
the  English  standard  for  wire  and  sheet 
metals,  but  now  employed  for  the  latter 
only.  Its  numbers  run  from  0000  te  36,  the 
former  equaling  0.454  inch  and.  the  latter 
0.004  inch.  The  B.  W.  G.  is  now  replaced 
as  a  standard  in  Great  Britain  by  the  Im- 
perial  Wire  Gauge,  legalized  in  18S4. 

Bisectinsf  Scale. — ^A  flat  scale  in  a  meas- 
uring instrument  fully  and  synunetrically 
divided  on  each  side  of  its  center  line. 
It  is  usually  graduated  for  J  inch,  i  inch 
and  1  inch  scale. 

Bismuth. — A  very  brittle  crystalline  metal, 
of  a  grayish  white  color  tinged  with  pink  or 
red.  It  is  a  reniarkable  metal  for  two 
properties;  its  specific  gravity  decreases  un- 
der pressure,  and  it  expands  on  cooling. 
Various  compounds  of  bismuth  with  other 
metals  melt  at  points  below  that  of  boiling  water. 
Wood's  metal,  of  4  bismuth,  2  lead.  1  tin,  1  cad- 
mium (all  by  weii^t)  melts  and  remains  fluid  at 
142^  F.  Bismuth  is  used  in  many  alloys  imder  the 
name  of  expansion  metal. 
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Bisarath  SplraL — ^An  mstniment  contain- 
ing a  spiral  of  bismuth,  a  conducting  metal, 
for  the  purpose  of  measuring  intense  mag- 
netic fields. 

Bi-telephone  ReeeiTer. — A  form  of 
double  telephone  receiver  to  be  fitted  over 
the  head  and  applied  to  both  ears  of  the 
listener. 

Bitite. — A  substance  used  for  insulating 
purposes. 

BitumeB* — 1.  A  mineral  pitch  or  asphalt; 
the  residue  of  forms  of  {>etroliferou8  de- 
positSy  whose  more  volatile  constituents 
nave  evaporated  by  the  processes  of  nature. 
2.  A  pigment  or  paint  resembling  sepia, 
made  by  grinding  asphalt  with  a  drying  oil. 

Bivalent. — In  chemistrv,  a  term  applied  to 
an  atom  having  a  valence,  or  combining 
capacity  of  two  units;  i. «.,  naving  a  capac- 
ity to  unite  with  two  atoms  of  nvdrogen. 
An  ion  is  bivalent,  or  can  combme  with 
two  hydrogen  atoms,  if  it  carry  two  elec- 
tric cluu*ges. 

Blaek  Deposit. — ^A  dark  colored  sediment 
that  is  deposited  in  the  process  of  electro- 
plating when  too  strong  a  current  is  applied 
to  the  bath;  also  called,  burnt  deposit, 

Blaek  Lead. — One  of  the  natural  forms  of 
carbon.  Used  with  or  without  the  addition 
of  oil  for  coating  the  faces  of  cast  iron  chil- 
ling moulds,  also  as  a  lubricant. 

Blaek  Leading  Maehine. — A  machine 
used  in  the  process  of  electrotyping  for  de- 
positing a  layer  of  graphite  over  the  face 
of  the  wax  impression  to  render  it  capable 
of  conducting  electricity. 

Blaek  Liffht. — ^Radiant  energy  that  fails  to 
produce  Tight. 

Blaek  Oils. — In  lubrication,  crude  mineral 
oils  of  good  body  which  have  been  sub- 
jected to  one  series  of  purification  only,  to 
remove  their  mechamcal  impurities  and 
volatile  oils,  but  which  have  not  been  fil- 
tered to  improve  the  color.  They  are  used 
for  cylinder  lubrication. 

Blaek  Bed  Heat.— That  temperature  of 
wrought  iron  or  steel  in  which  the  red  color 
is  just  visible  by  daylight.  It  may  be 
roughly  taken  as  corresponding  with  1,000 
degrees  Fahr. 


Blakot  Franeis. — ^Bom  1850.  An  Ameri- 
can astronomer  and  inventor.  From  1866 
to  1878  he  performed  distinguished  service 
for  the  U.  S.  Government  in  connection  ¥dth 
the  coast  survey.    After  his   resignation, 

he  devoted  himself  to  electrical  experiments, 
the  chief  raeult  of  which  is  the  telephone  trans- 
mitter, known  as  the  Blake  transmitter.  In  this 
he  impioved  upon  fundamental  inventions  which 

Sreoeaed  him,  receiving  a  minor  patent  in  1881. 
Ireater  improvements  followed,  and  the  Blake 
transmitter  k>ng  remained  the  prevailing  type  in 
U.  S.  telephone  practice. 

Blake  Transmitter. — ^A  caroon  telephone 
transmitter,  until  recently  almost  univer- 
sally used  in  the  United  States.  It  is 
based  upon  the  principle  that  when  two 
pieces  of  carbon  lie  loosely  together,  dif- 
ferences of  pressure  at  the  contact  causes 
variations  in  electrical  resistance. 

Blank  Belts. — In  machinery,  the  rough 
forgings  of  the  bolts  previous  to  screwing. 

Blank  PaneL — A  switchboard  panel  pro- 
vided to  accommodate  extra  circuits  if  re- 
quired. 

Blasting^v  Eleetrie. — The  use  of  electricity 
for  igniting  the  explosives  in  blasting; 
heavy  wires  are  carried  from  a  current 
source  at  a  distance  to  a  special  fuse,  in 
which  a  fine  platinum  wire  is  joined  in 
the  circuit.  Tne  great  resistance  of  the 
fine  wire  causes  it  to  heat  when  the  current 
flows,  and  being  surrounded  by  an  easiljr  com- 
bustible substance  to  serve  as  a  priming,  ignites 
this  and  sets  fire  to  the  explosive  charge. 

Blase. — ^A  stream  of  gas  or  vapor  emitting 
light  and  heat  in  the  process  of  combustion ; 
a  oright  flame. 

Bleaehin^t  Eleetrie. — A  process  of 
bleaching  by  the  action  of  electrolysis. 

Bleeder. — A  small  cock  or  valve  to  draw 
off  water  of  condensation  from  a  range  of 
piping. 

Bleeding. — In  steam  engineering,  the  red 
streaks  of  rust  which  weep  through  the 
scale  adhering  to  the  insides  of  boilers,  and 
which  reveal  the  presence  of  corrosion  in 
the  plates  underneath. 

Blende. — 1.  A  mineral  also  called  by  min- 
ers, mock  lead;  false  galena  and  blade  jack. 
It  is  a  zinc  sulphide,  but  often  contains 
some  iron.  Its  color  is  usually  yellow, 
brown  or  black,  and  its  luster  resmous. 

2.  A  general  term  for  some  minerals, 
chiefly  metallic  sulphides,  which  have  a 
somewhat  brilliant  out  non-metallic  luster. 
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Blister  Copper. — ^Fine  copper  which  has 
been  roasted  to  expel  sulphur,  and  melted, 
being  then  cast  into  slabs  preparatory  to 
refining.  The  gases  escaping  from  the 
molten  copper  give  it  a  hLiskred  appearance, 
hence  the  name;  this  blister  copper  is  about 
96%  pure,  and  its  subsequent  refining  is 
done  by  dedrelyns. 

Blister  SteeL — Steel  made  by  the  first  pro- 
cess in  the  production  of  carbon  or  tool 
steel,  by  heating  wrought  iron  in  intimate 
contact  with  charcoal.  Its  surface  is  cov- 
ered with  bUsters  caused  by  the  formation 
and  bursting  of  vesicles  filled  with  gaseous 
carbon. 

Block. — 1.  A  grooved  pulley  pr  sheave  en- 
cased in  a  frame  or  shell,  constituting  the 
block  proper,  which  is  provided  with  a 
hook,  eye  or  strap  for  attaching  it  to  an 
object;  a  block  is  used  to  change  the  direc- 
tion of  motion  of  a  running  rope,  or  as  a 
mechanical  power  to  raise  a  heavy  kMul.  Two  or 
more  such  Boeaves  are  compounded  to  change  the 
rate  of  motion  or  to  exert  increased  force. 

2.  In  typ<^[raphy,  a  tenn  including  wood  euts, 
or  the  hardwood  on  which  they  are  engraved; 
sincotypes,  electrotypes,,  etc.  8.  In  nulwajr  sig- 
naling, the  extent  of  track  between  two  signal 
poets  or  towexBt  forming  one  of  the  sections  in 
tike  block  system  for  railroads. 

Block  and  Tackle. — A  term  including  the 
block  and  the  rope  wove  through  it,  for 
hoisting  or  obtaining  a  purchase. 

Blc»ck  Section. — A  section  of  railroad 
track  controlled  by  a  set  of  automatic  sig- 
nals in  a  block  signal  system. 

Block  SiflpuJ. — A  set  of  semaphores  or 
lamps  automaticalljr  operating  at  the  ter- 
minals of  a  block  m  the  block  system  of 
railway  signaling. 

Block  System. — ^A  method  of  railway 
working,  in  which  the  line  is  subdivided 
into  short  sections  or  blocks,  each  of  which 
is  protected  by  signals,  so  arranged  that 
there  shall  be  only  one  train  in  a  section  at 
a  time. 

Block  Wire. — In  a  railroad  block  system, 
the  wire  which  connects  the  signal  towers. 

Blood  Stone. — ^A  name  often  given  to 
hematite,  the  oxide  of  iron,  because  of  the 
blood  red  color  which  the  ore  often  has 
in  nature. 

Bloom. — ^A  mass  of  wrought  iron  from  the 

Euddling  furnace  in  the  form  of  an  oblong 
lock. 


Blow. — ^To  melt  or  fuse,  as  applied  to  safety 
fuses  in  electrical  circuits. 

Blo^r  Down. — In  steam  engineering,  the 
act  of  letting  water  out  of  the  bottom  of 
a  boiler  for  shutting  up  in  freezing  weather, 
or  laying  off  the  boiler  for  repairs. 

Blowing  a  Fuse. — ^The  melting  of  a  safety 
fuse  by  an  excessive  electric  current. 

Blowing  Ofll — ^Emitting  steam  at  the  waste 
pipe  through  the  safety  valves  lifting  under 
excessive  pressure. 

Bloiring^  Point. — ^The  strength  of  an  elec- 
tric current  necessary  to  "  blow,"  or  melt, 
a  fuse. 

Blowing  Throns^h. — In  steam  engineering, 
the  sending  of  a  jet  of  steam  through  the 
cylinders  and  valves,  to  warm  the  engine 
before  starting. 

Blow  OIF. — In  steam  engineering,  a  term 
applied  to  the  act  of  letting  out  water  and 
steam  from  a  boiler  to  carry  o£f  accumu- 
lated mud  and  scale.  Near  the  bottom  of 
the  boiler  is  a  cock  value,  and  opening  this 
the  force  of  the  steam  drives  much  of  the 
accumulated  scale,  etc.,  with  the  water 
and  steam  out  of  tne  boiler. 

• 

Blo^r  OIF  Cock. — A  name  sometimes  given 
to  the  blow  down  cock  or  valve  of  a  steam 
boiler. 

Blow  Out  CoiL — In  an  electric  car  control- 
ler, a  coil  inserted  below  the  reversing  drum 
for  blowing  out  the  electric  arc  between  the 
contact  fingers  and  the  drum  strips  when- 
ever the  circuit  is  broken. 

BIow^  Out  Magnet. — In  an  electric  rail- 
wav  controller,  an  electro-magnet  inserted 
to  blow  out  an  arc  that  might  arise  between 
the  contact  fingers. 

Blow  Pipe*  Electric. — An  air  blast  efTect 
product  at  the  tip  of  a  highly  electrified 
pointed  conductor  by  the  convective  dis- 
charge. 

Blue  Heat. — A  low  heat,  noticeable  in  iron 
and  steel  as  it  cools  down  from  a  red  or 
working  heat;  it  is  unsafe  to  hammer  or 
work  these  metals  at  this  temperature  on 
account  of  the  distress  to  the  fibers.  If 
anvthing  cannot  be  bent  or  flanged  at  a 
red  heaty  it  should  be  wrought  cold  and  then 
annealed. 
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Blue  Pole  of  Ma^^et. — A  term  sometimes 
used  to  denote  the  south  pole  of  a  magnet. 

Blnestone. — 1.  A  name  sometimes  givoi  to 
copper  sulphate  in  crystalline  form;  also 
called,  blue  vitriol, 
2.  A  building  stone. 

Blnestone  G-ravity  Cell* — ^A  gravity  vol- 
taic cell  containing  a  copper  plate  in  a  solu- 
tion of  copper  sulphate  at  the  bottom  of 
the  jar,  and  a  zinc  plate  in  a  diluted  solu- 
tion of  zinc  sulphate  above  it.  It  is  so 
called  from  the  name  "  bluestone*'  or  "blue 
vitriol "  by  which  copper  sulphate  is  popu- 
larly called;  the  Callaud  cell. 

Board  of  Trade  Unit* — A  imit  by  which 
electrical  supply  is  measured.  An  English 
commercial  unit  of  electrical  energy  is  equal 
to  the  amoimt  which  is  developed  or  ab- 
sorbed by  a  current  of  1000  amperes  at  a 
pressure  of  1  volt  during  one  hour. 

Bobbin*  Electric. — A  spool  wound  with 
insulated  wire  for  conducting  electricity. 

Body  Protector. — ^A  short  circuiting  de- 
vice for  protecting  the  vital  parts  of  the 
human  body  against  the  passage  of  an  elec- 
tric current  in  case  of  accidental  contact. 

Boiler. — A  vessel  in  which  water  is  evapo- 
rated into  steam  for  the  generation  of 
power,  for  heating  purposes,  etc.  The  var- 
ious types  ma^  be  classified  imder  two 
heads:  shell  boilers,  in  which  the  water  is 
contained  within  more  or  less  cvlindrical 

vessels  traveraed  by  tubes,  through  which  the  flame 
and  heated  gased  of  combustion  pass  to  impart 
their  heat  to  the  water;  tubiUous  or  ivaier  tube  boil- 
era,  in  which  the  water  is  contained  within  the 
tubes,  the  products  of  combustion  circulating 
around  them  on  courses  determined  by  suitable 
baffles.  The  shell  boiler  is  self-contained,  or  else 
mounted  on  brickwork,  which  contains  various  flue 
passages,  etc.;  the  water  tube  boiler  is  contained 
within  a  suitable  casing  of  brickwork  or  metal, 
or  both.  The  chief  varieties  are  ihe  BelletnUe, 
Comisht  Lancashire,  Locomotive,  Multitubular, 
Return  tube.  Water  tube,  etc. 


Boiler  Cleaner,  Mechanical.  —  A  de- 
vice actuated  by  compressed  air,  flowing 
water  or  a  flexible  shait,  to  clean  the  inte- 
rior and  exterior  tubular  surfaces  of  steam 
boilers,  also  those  portions  inaccessible  to 
ordinary  methods.  The  cleaner  usually 
consists  of  a  boss  or  head,  fitted  with  revolving 
scrapers,  or  else  lightly  striking  hammers  to  jar 
off  the  scale. 

Boiler  Compound. — A  chemical  put  into 
a  boiler  for  the  purpose  of  preventing  in- 
crustation. 


Boiler  Covering. — A  non-conducting  sub- 
stance used  as  a  clothing  for  steam  boilers, 
to  prevent  loss  of  heat  by  radiation.  It 
should  indicate  where  a  leak  occurs,  and 
also  be  made  in  sectionSf  so  as  to  be  remov- 
able for  repairs  to  the  shell  of  the  boiler, 
and  then  easily  replaced. 

Boiler  Feed,  Electric. — A  mechanism 
operated  by  electricity  for  automatically 
supplving  a  boiler  with  water  when  the 
level  nas  fallen  to  a  given  point. 

Boiler  Float. — In  steam  engineering,  a 
float  which  rises  and  falls  with  the  chang- 
ing height  of  water  in  a  steam  boiler,  and 
so  turns  off  or  on  the  feed  water. 

Boiler  Horse  Power. — 1.  A  commercial 
rating  based  solely  upon  the  heating  siu*- 
face  of  the  boiler,  an  area  of  12  to  15  square 
feet  being  taken  as  the  equivalent  of  one 
horse  power. 

2.  A  unit  of  power  adopted  by  the  judges 

at  the  Philadelphia  exhibition  in  1876,  known  as 
the  Centennial  standard:  it  equals  the  evaporation 
of  30  lbs.  feed  water  per  hour,  from  a  feed  tem- 
perature of  100°  F.,  to  steam  of  70  lbs.  gauge  pres- 
sure. This  ia  equivalent  to  33,305  B.  T.  U.  per 
hour,  or  the  evaporation  of  34^  lbs.  of  water  from 
andat212Tahr. 

Boiler  Inspection. — Official  examination 
of  the  internal  and  external  surfaces, 
braces,  etc.,  of  a  boiler,  at  stated  intervals, 
either  by  government  surveyors,  or  those 
appointed  by  insurance  corporations. 

Boiler  Monntin§^8. — A  collective  name  for 
those  attachment-s  to  a  boiler,  necessary 
for  its  proper  use,  including  grates,  smoke- 
boxes f  uptakeSf  damper,  funnels,  casinga  and 
the  like,  as  well  as  those  parts  which  are 
more  commonly  termed  fittings  by  the  en- 
gine room  staff;  namely,  the  various  cocks,  gauges, 
valves,  etc.  The  brass  mountings  are  more  pro- 
perly termed  fUHnga;  in  some  localities  they  are 
designated  as  trimmings. 

Boiler  Plate. — A  term  formerlv  used  to 
denote  superior  qualities  or  brands  of 
wrought  irouy  suitaole  for  making  into  the 
shells  or  drums  of  steam  boilers.  Lowmoor 
or  equal  quality  is  alone  used  for  such  parts  as 
require  an  excessive  amount  of  working  in 
the  fire.  Steel  plates  are  now  used  instead,  being 
obtainable  in  almost  any  size,  thus  reducing  the 
number  of  seams  and  tne  consequent  amount  of 
riveting.  A  usual  specification  for  the  steel  is 
60,000  to  72,000  lbs.  tensile  strength,  with  an  elon- 
gation of  from  18  to  20%.  Steel  rivets  arc  gener- 
ally used,  although  the  {practice  of  some  firms  is  to 
employ  wrought  iron  rivets  in  conjunction  with 
softer  platen,  possessing  an  ultimate  strength  of 
55,000  to  60,000  lbs.  per  square  inch. 


BoUer  Pressure,  Safe  Working. 


41 


Bonnet. 


Boiler  Pressure*  Safe  Working.— The 

highest  pressure  considered  safe  to  carry 
on  a  steam  boiler  consistent  with  the  factor 
of  safety  employed  in  its  design. 

Boiler  Stays. — A  rod,  plate  or  the  like  firm- 
ly joining  two  parts,  as  plates  or  sheets,  at 
an  an^e  to  each  other,  or  holding  them  at 
a  fixed  distance.  The  long  through  stays 
within  the  steam  space  are  denominated 
bar  days;  these  screwed  through  two  plates 
are  acrewed  gUtpaor  ttay  boUa:  those  flattened  out  at 
oae  end  for  nveting  to  a  plate,  are  termed  paZm 
atays.  A  stay  is  sometimeB  termeda&rac«.  Other 
^rpes  are  named  crowfoot  brace^  aling  stay^  eto. 
Boiler  stays  are  generally  specified  not  to  have 
been  wekled  or  worked  in  the  fire.  The  first  conr 
dition  is  universal,  an  exception  to  the  second  being 
that  certain  navies  and  railroads  have  the  screwed 
ends  of  their  boiler  stays  jumped  up  under  a  hy- 
draulic press,  to  secure  a  plus  thread. 

Boiler  Testing. — In  steam  engineering, 
there  are  two  ways  of  testing  a  steam  boiler; 
in  testing  by  steamy  the  conditions  of  strain 
are  the  same  as  those  imder  which  the  boiler 
is  worked.  Another  method  of  testing  is 
to  pimip  cold  water  into  the  boiler  until  th6 
desired  pressure  is  reached.  The  distortions  or 
defects  of  joints  are  then  noticed;  if  a  boiler  leaks 
under  pressure,  the  leaky  joints  should  be  marked 
and  calked  when  the  pressure  is  ojGF. 

Beilingf  of  Secondary. — A  term  used  to 
denote  the  gassing  from  the  plates  of  d 
storage  battery.  The  action  is  due  to  too 
great  strength  of  the  charging  current. 

Boiling  Point. — ^The  temperature  at  which 
a  liqmd  begins  to  boil.  The  boiling  point 
varies  with  the  pressure  and  with  the  nature 
of  the  fluid ;  thus,  the  boiling  point  of  ether 
is  95®  F.,  of  water  212°  F.,\mcfer  pressure  of 
one  atmosphere. 

Bole. — A  proposed  C.  G.  S.  unit  of  tnomen- 
tum^  equal  to  one  gram-kine,  or  one  gram 
moving  with  a  velocity  of  one  centimeter 
per  second. 

Bolometer. — An  instrument  of  great  sensi- 
tiveness, consisting  essentially  of  a  Wheat- 
stone  bridge  having  two  strips  of  black- 
ened platinum  foil  inserted  in  tne  arms,  for 
measiuing  minute  quantities  of  heat  energy 
by  the  changes  of  electrical  resistance  pro- 
duced in  a  i|aetallic  conductor  by  variations 
of  temperature;  a  thermal  balance. 

Bolt. — A  discharge  of  lightning;  as,  a  flash 
of  lightning* 

Bombardment. — 1.  In  an  exhaTisted  ves- 
sel the  forcible  projection  of  the  residual 


gaseous  molecules  from  the  negative  elec- 
trode, on  heating  or  on  the  passage  of  an 
electric  discharge. 

2.  In  phjrsics,  the  very  rapid  striking  of 
the  molecules  of  a  gas  against  each  other 
or  against  the  waUs  of  a  containing  vessel. 

Bombardment  Incandescent  Lamp. — 

A  lamp  in  which  incandescence  is  pro- 
duced Dv  the  molecular  bombardment  re- 
sulting from  the  discharge  of  electricity 
through  a  highly  rarefied  space. 

Bond. — The  method  of  laying  brickwork  or 
masonrv  so  that  the  work  becomes  firm  and 
stable,  by  proper  use  of  stretchers  and  head- 
ers, and  care  that  a  vertical  joint  is  covered 
by  a  solid  center  above  or  below.  Evglish 
bond  consists  of  alternate  courses  of  stretch- 
en  and-  headers;  Flemish  bond  of  stretchers  and 
headers  laid  alternately  in  the  same  course,  care 
being  taken  to  break  joint  with  the  courses  above 
and  below;  stretcher  bond  is  used  for  half -brick 
walls  or  partitions,  a  header  course  of  bats  or  half 
bricks  being  laid  everv  few  courses  of  stretchers, 

-  the  same  bond  is  usea  on  nine  and  fourteen  inch 
walls  in  cheap  work,  but  if  a  substantial  job  is  re- 
quired there  should  be  no  more  than  three  courses 
of  stretchers  for  one  of  headers,  and  ^e  breaking 
of  joints  must  be  carefully  watched. 

Bonded  Rails. — Rails  in  a  trolley  street 
railway  system  so  connected  at  their  joints 
by  bonds  (i.  e.,  short  pieces  of  copper  wire 
riveted  into  the  adjoining  ends)  as  to  pre- 
serve the  conducting  capacity  of  the  tracks. 

Bonding   Resistance    of  Rail. — In   a 

street  railway  system,  the  resistance  to  the 
electric  circuit  offered  at  the  points  where 
the  rails  are  connected  by  bonds. 

Bonding  Stone. — A  stone  running  through 
a  masonry  wall  from  one  face  to  another,  to 
bind  it  together. 

Bond  Tester. — In  electric  traction,  a  de- 
vice for  testing  the  electric  conductivity  of 
rail  bonds. 

Bond  Timber. — A  longitudinal  timber 

E laced  in  the  wall  of  a  building  to  tie  the 
rickwork  together  and  support  superin- 
cumbent weight.  A  VHiU  plale  or  lintel  is 
often  understood  by  the  same  general  term. 

Bonnet. — 1.  A  cap  put  over  a  pile  to  pre- 
vent splintering  or  damage  when  driving. 

2.  A  cover,  raised  in  the  middle,  as  those 
used  to  guide  and  enclose  the  tail  end  of  a 
steam  engine  valve  spindle,  or  the  drum- 
shaped  covers  of  a  piston  valve  casing. 

3.  The  hood  or  metallic  cover  over  the  motor, 
etc.,  in  an  automobile. 
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4.  The  cover  over  a  pump  valve  box,  or  of  a 
slide  valve  casing. 

6.  A  roof  or  protection  over  the  top  of  a  esse 
to  shield  miners  should  anything  fall  down  the 
shaft. 

Bony  Cnrrent. — An  electric  current  be- 
tween two  parts  of  a  bone  of  a  newly  killed 
animal,  due  to  a  difference  of  potential  ex- 
isting between  them. 

Booster. — A  supplementary  d  v  n  a  m  o 
inserted  in  a  system  at  a  pomt  where  it  is 
necessary  to  raise  the  £.  M.  F.  above  the 
normalpressure,  or  to  maintain  the  required 
E.  M.  F.  under  varying  of  loads;  an  equal- 
iting  dynamo;  far  leading  dynamo. 

Boreal  Pole* — ^That  pole  of  a  magnet 
which  points  southward. 

Borin§%  Electrie. — ^The  process  of  drilling 
holes  oy  the  heat  of  an  electrio  arc. 

Bot* — ^A  term  used  to  denote  the  English 
Board  of  Trade  unit  of  electrical  supply. 

Bou^e  Deeimale. — ^The  standard  French 
candle,  having  a  value  nearly  equal  to  the 
British  standard  candle,  and  eauivalent 
to  ^  of  the  platinum  or  Violle  standard ;  the 

pyr- 

Bon^e  Meter. — ^A  French  imit  of  illumi- 
nation; it  is  the  light  of  the  standard  French 
candle  at  a  distance  of  one  meter. 

Bound  Charge* — An  electric  charge  exist- 
ing on  one  of  two  conductors  between 
wmch  is  placed  a  medium  which  admits  of 
electro-static  induction. 

Bound  Electrifleation* — ^The  condition 
of  a  charge  of  electricity  on  the  surface  of  a 
conductor  when  it  is  attracted  by  the  pres- 
ence of  a  neighboring  charge  of  the  oppo- 
site kind. 

Bonrdon*8  Oaog^. — ^The  commonest  in- 
trument  for  measuring  the  pressure  of 
steam,  water,  air  or  other  fluid.  Its  essen- 
tial peLit  is  a  metal  tube  of  a  flattened 
oval  section,  which  is  bent  to  a  curve,  the 
free  end  being  closed,  the  fixed  end  open  to 

the  pressure.  The  pressure  tends  to  straighten  the 
bent  tubet  and  its  consequent  movement  ia  com- 
municated by  means  of  linkage,  a  toothed  sector 
and  a  pinion,  to  the  axis  of  a  needle  or  pointer;  this 
moves  around  a  gradvaled  duU,  registering  the 
pressure  of  the  fluid. 

Bow  Gear. — ^A  method  of  rigging  the  bow 
of  a  cable  ship  for  conveniently  handling 
the  cable  laying  operations. 


Bo^r  Trolley, — ^A  form  of  troUev  employed 
in  inter-urban  and  trunk  line  electric  trac- 
tion. It  consists  of  a  pivoted  frame  carry- 
ing a  curved  or  looped  contact  piece  which 
provides  a  sliding  surface  to  rub  against 
the  overhead  wire.  It  is  controlled  by 
compressed  air. 

Box  Brid|pe« — ^A  commercial  form  of 
Wheatstone  electric  bridge  in  which  the 
resistance  coils  and  accessories  are  con- 
tained in  a  box  provided  with  necessary 
plugs  and  connections;  a  box  balance, 

Bozlngf  the  Compass* — ^Repeating  in  suc- 
cession the  names  of  all  the  32  points  or 
rhumbs  of  the  mariner's  compass  in  their 
exact  order. 

Box  MetaL — In  steam  engineering,  a  term 
sometimes  applied  to  the  metal  used  for 
bearings;  it  ma3r  be  gun  metal  or  a  white 
metal.  One  recipe  gives  copper  32,  tin  5; 
another  gives  sine  75,  tin  18,  lead  4-5,  anti- 
mony, 2-5. 

Box  Nut. — In  machinery,  a  nut  made  for 
the  covering  and  protection  of  the  end  of 
a  bolt.  It  is  similar  to  an  ordinary  nut, 
with  the  addition  thereto  of  a  dome  shaped 
closed  end.  The  screwed  part  is  also  ter- 
minated internally  in  a  circular  recess 
laxger  in  diameter  than  the  deepest  portion  of  the 
vee  of  the  thread  in  order  that  the  cutting  tap  shall 
clear  itself. 

Box  Relay* — ^A  form  of  telegraphic  relay 
for  use  in  special  cases,  having  a  wooden 
box  set  over  the  coils  in  order  to  reinforce 
the  sound  of  the  signals  so  that  they  may 
be  clearly  audible;  a  telegraphic  box  sounder. 

Box  Spanner. — ^A  socket  wrench  or  T- 
spanner;  having  a  socket  to  fit  the  nut,  and 
a  shank  vertical  to  it,  either  turned  by 
means  of  a  toggle  or  b}r  the  T-handle. 
Used  for  turning  nuts  sunk  in  a  recess  below 
the  surface  of  tLe  piece. 

Boyle's  Law. — ^At  constant  iemj}erature, 
the  pressure  of  a  gas  varies  proportionately 
to  its  volume,  in  an  inverse  ratio.  Thus, 
if  the  supply  be  cut  off  at  half-stroke,  the 
final  pressure  is  half  of  the  initial,  assuming 
no  change  in  temperature.*  While  this  is 
strictly  trtie  of  perfect  gases  alone,  it  is  only  ap- 
proximately correct  for  imperfect  8a<MS,  such  as 
steam. 

Bracket  Arm. — ^In  overhead  line  con- 
struction, a  pole  cross  arm  stiffened  by  a 
bracket  support. 
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Bracket  Arm  Hanfl^er. — An  insulating 
device  for  supporting  a  taroUey  wire  from 
the  end  of  a  bracket  arm,  consisting  of  a 
metal  hood  carr3dng  a  steel  bolt  embedded 
in  insulating  material,  for  screwing  into  the 
boss  of  the  suspension  ear. 

Braeket  Pole. — In  overhead  line  constnic- 
tion,  a  pole  carrying  one  or  more  brackets 
for  supporting  the  wires. 

Bracket  Snspension  Ear* — ^A  suspension 
ear  for  a  trolley  wire  attached  to  a  bracket 
arm  hanger. 

Bracket  Telephone. — ^A  telephone  trans- 
mitter mount^  upon  a  hinged  arm  to  per- 
mit adjustment  to  the  hei^t  of  the  user; 
an  adfustable  telephone  arm. 

Braided  Wire. — ^An  electric  conductor 
protected  by  an  interwoven  insulating 
covering. 

Brake. — 1.  A  contrivance  for  checking  or 
controlling  the  speed  of  a  vehicle  or  ma- 
chine by  means  of  friction  applied  to  a 
drum,  or  wheel;  the  friction  is  applied 
either  by  means  of  a  band  or  by  pressure  on 
a  shoe. 

2.  A  contrivance  for  measuring  the  use- 
ful effort  of  a  jmm^  mover  by  the  substitution  of 
measurable  friction  for  the  external  load.  It  con- 
sists essentially'  of  a  band,  usually  of  steel,  ^od 
with  wooden  blocks,  which  encircles  a  flywheel 
or  pudev.  the  friction  of  the  brake  sustaining;  an 
arm  or  ipver,  to  the  ends  of  which  either  weights 
or  a  steelyard  are  attached. 

3.  A  device  consisting  of  a  shoe  which  is  made 
to  bear  on  the  circumference  of  a  wheel  by  the 
attraction  of  an  electro-magnet. 

Brake  Arm. — An  arm  attached  to  a  brake 
shoe  by  means  of  which  the  brake  is  9ii; 
as,  against  a  trolley  car  wheel. 

Brake  Band. — ^The  strap  or  band  of  a 
brake  which  encircles  the  drum  or  pulley, 
either  made  of  iron  alone  or  of  iron  faced 
with  leather,  wood  blocks,  etc. 

Brake  Disc. — A  disc  shaped  electro-mag- 
net sometimes  used  in  the  brake  of  an  elec- 
tric car. 

Brake  Horse  Power. — ^The  useful  horse 
'  power  supplied  by  an  engine  as  ascertained 
by  the  application  of  a  brake,  or  absorption 
dynamometer.  The  excess  of  the  indicated 
horse  power  over  that  given  by  the  brake, 
represents  the  power  required  to  move  tl^e 
engine  itself  ^  and  is  generally  spoken  of  as  internal 
IcMui  or  friction. 


Brake  Shoe. — A  heavy  block  of  metal  hav- 
ing a  curved  face  so  as  to  fit  the  rim  of  a 
trolley  car  wheel,  etc.,  which,  when  the 
brake  is  applied,  is  forced  against  the  wheel 
to  stop  its  revolution  by  the  friction  of  tiie 
contact. 

Branch. — 1.  An  electrical  conductor  which 

branches  off  from  the  principal  conductor. 

2.  A  main  conductor  which  is  tapped  for 

the  distribution  of  the  current  in  a  parallel 

system. 

Branch  Block. — A  block  of  porcelain  in 
which  grooves  and  recesses  are  cut  for  con- 
venientlv  connecting  branch  wires  to  a 
main;  allowing,  also,  for  the  insertion  of 
safety  fuses  in  the  connections. 

Branch  Box. — ^A  box  for  holding  a  branch 
block. 

Branch  Cireuits. — 1.  Circuits  connected 
in  parallel. 

2.  Extra  circuits  supplied  where  the  cur- 
rent of  a  circuit  brancnes  ofif . 

Branch  Condnctor. — 1.  A  conductor 
forming  a  part  of  a  parallel  circuit. 

2.  A  suDordinate  wire  leading  from  a 
main  conductor. 

Branch  Conplingf  Boz.^A  coiipling  box 
for  the  read^  connection  of  the  house  ser- 
vice of  an  mcandescent  system  with  the 
mains  running  under  the  street. 

Branch  Current. — In  a  divided  circuit, 
the  current  divides,  a  portion  of  which  flows 
through  each  branch,  the  relative  strengths 
of  current  in  the  two  branches  being  pro- 
portional to  their  conductances  and  in- 
versely proportional  to  their  resistances. 

Branch  Cut  Out. — A  safety  fuse  inserted 
at  the  point  where  a  branch  wire  taps  a 
main. 

Branched  Manetic  Clrcnit^ — A  mag- 
netic circuit  wCch  divides  into  branch  cir- 
cuits for  the  distribution  of  l^e  magnetic 
flow. 

Branched  Series. — A  term  used  for  se- 
ries multiple  connection  or  method  of  wir- 
ing electric  apparatus,  in  which  the  parts 
are  grouped  in  sets  in  parallel  and  these  sets 
connected  in  series. 

Branches. — 1.  In  general,  subordinate  con- 
ductors connected  with  electric  mains. 
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2.  Specifically,  in  incandescent  lighting, 
the  conductors  leading  from  the  supply 
wire. 

Branchings  Boards. — ^Telephone  switch- 
boards employed  in  the  multiple  system. 

Branching*  Telephone  System. — ^A  sys- 
tem in  wmch  the  branch  multiple  terminal 
or  three  wire  system  is  used. 

Branch  of  Multiple  Circuit. — One  of  the 

parts  of  a  circuit  system  connected  io  par- 
allel or  multiple. 

Branch  Point  of  Circnit.~The  point  in 
a  circuit  at  which  a  branch  is  inserted. 

Branch  Terminal  Multiple  Switch- 
board.— A  switchboard  for  the  three  wire 
multiple  system  in  which  the  jacks  for  each 
subscriber  are  connected  in  parallel;  the 
three  wire  multiple  switchboard,  an  ar- 
rangement which  is  rapidly  replacing  the 
series  multiple  board, 

Brandine*  Electric. — A  method  of  brand- 
ing in  which  the  tool  is  made  red  hot  by  an 
electric  current. 

Brass. — A  yellow  alloy  composed  of  copper 
and  zinc  in  various  proportions.  In  some 
grades  tin  or  lead  in  small  amounts  is  added. 
Brass  is  used  largely  for  steam  and  plumb- 
ers' fittings,  electrical  details,  etc. 

Brasses. — Bearing  steps  cast  from  an  alloy 
of  copper  and  zinc.  Generally,  all  loose 
bearing  pieces  or  steps  are  termed  brasses ^ 
though  they  are  most  usually  made  either 
of  bronze  or  gun  metal,  a  copper  tin  alloy,  or 
else  of  cast  iron  or  steel  fitted  with  recesses 
filled  with  a  white  or  anti-fridion  metal,  oomposed 
of  tin,  zinc,  antimony  or  lead,  with  occasionally 
copper. 

Brassinff. — Electroplating  with  brass; 
brass  plating. 

Brass  Plating.-— Depositing  a  layer  of 
brass  upon  an  ol)ject  by  an  electric  current 
passing  through  a  brass  solution;  also  called 
orassing. 

Brass  Tubing. — ^Used  in  engineering  for 
cutting  off  into  hand  railings,  sheathing, 
distance  pieces,  etc.  Its  thickness  is  given 
by  the  wire  gauge.  The  common  tube  is 
soldered  or  brazed;  but  the  best  tubes  as 
used  for  condensers  are  solid  drawn,  and 
usually  made  of  a  special  alloy. 


Brasin^. — The  art  or  process  of  joining 
metals  together.  The  parts  to  be  united 
are  cleaned,  covered  with  borax  as  a  flux, 
the  spelter  or  brass  alloy  is  placed  on  the 
joint,  which  is  heated  until  the  spelter  runs 
m,  when  it  is  allowed  to  set,  superfluous 
brass  being  afterwards  filed  off. 

Brasinff  Metal. — An  alloy  composed  of 
84%  of  copper  and  16%  of  zinc.  Flanges 
for  copper  pipes  are  cast  from  this,  the  per 
cents ge  of  copper  having  to  be  high  to 
stand  the  localused  heat  of  brazing  to  the 
tube. 

Bread  and  Butter  Cable. — A  term  de- 
scribing a  variety  of  submarine  cable  lightly 
sheathed  with  alternate  layers  of  wire  and 
yam. 

Breadth  Coefficient  of  Armature  CoiL 

— ^Tlie  relation  of  the  E.  M.  F.  of  an  arma- 
ture coil  to  the  E.  M.  F.  which  would  be 
produced  in  that  coil  but  for  the  loss  due 
to  the  breadth  of  the  windings. 

Breadth  of  Coil. — The  surface  extent  oc- 
cupied by  the  windings  about  an  armature 
measured  along  the  length  of  the  armature. 

Break. — Any  discontinuity  in  an  electric 

circuit. 
Breakdo^m. — An  accident  which  causes 

stoppage  of  the  machinery. 

Breakdown  Switch. — A  switch  to  enable 
a  three  wire  system  of  electric  distribution 
to  be  readily  converted  into  a  two  wire 
system  by  making  such  connections  of  the 
bus  bars  as  to  throw  one  of  the  d^mamos 
out  of  the  circuit  in  case  of  a  breakdown. 

Break  Induced  Current. — An  extra  cur- 
rent in  the  same  direction  as  the  original, 
induced  in  a  circuit  when  it  is  opened  or 
broken;  a  direct  induced  current. 

Breaking  Capacity  of  Switch.~The 
maximum  current  strength  which  a  switch 
can  properly  interrupt. 

Breaking^  Down    of  Dielectric— Tlie 

weakening  effect  of  persistent  electric  pres- 
sure upon  a  dielectric  whereby  charges  can 
finally  penetrate  its  mass. 

Breaking  Down  of  Insulation. — ^The  de- 
terioration of  an  insulation  which  finally 
permits  the  escape  of  electricity  through  it. 
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Breaking^  Down  Point. — In  physics,  that 
point  in  the  stressing  of  a  material  in  which 
the  deformation  increases  very  suddenly. 
It  occurs  immediately  beyond  the  elastic 
limit,  and  is  marked  by  a  well  defined  and 
sudden  curve  in  the  stress  strain  diagram. 

Breaking^  In. — In  telegraphy,  interrupting 
a  despatch  in  the  course  of  transmission  by 
the  attempt  of  an  operator  at  another  point 
in  the  line  to  use  the  wire  at  the  same  time. 

Breaking  Strain. — The  effect,  resulting 
in  rupture,  occasioned  in  a  material  by  a 
stress  or  load  equal  to  or  greater  than  its 
tensile  strength. 

Breaking  Strength. — In  mechanics,  the 
ultimate  resistance  to  rupture  of  a  piece  of 
material  of  si)ecified  size;  usually  expressed 
as  ability  to  resist  tensile  stress,  but  also  to 
be  considered  with  regard  to  shearing  or 
compressive  stresses. 

Breaking  the  Prin&ary* — Interrupting 
the  primary  circuit  of  a  transformer. 

Break  Joint. — In  building  and  engineering, 
so  arranging  the  parts  of  a  structure  that 
two  or  more  successive  joints  may  not  come 
in  line  with  each  other,  a  solid  part  inter- 
vening opposite  each  joint.  This  adds  to 
the  strength  of  the  structure,  as  in  bonding 
masonry,  or  prevents  leakage  or  promotes 
equal  wear  as  in  the  joints  of  packing  or 
piston  rings. 

Break  Key. — A  ko^  designed  for  the  pur- 
pose of  breaking  a  circuit. 

Break  Shock. — A  shock  experienced  by 
the  himian  body  when  undergoing  electri- 
cal treatment,  by  the  opening,  or  breaking, 
of  the  circuit;  opening  shock. 

Break  Si^^al. — in  telegraphy,  a  signal  to 
indicate  a  space  or  break  in  the  despatch, 
as  between  the  address  and  the  message, 
or  the  message  and  the  signature. 

Breast  Plate. — A  support  for  a  telephone 
transmitter  adjustable  to  the  breast  of  an 
operator. 

Breast     Telephone     Transmitter. — A 

transmitter  supported  upon  a  breast  plate. 

Breast  WheeL — A  type  of  water  wheel  in- 
termediate between  tne  over  shot  and  upder 
shot.  The  water  strikes  it  at  a  point  S(f 
to  45°  from  its  siunmit,  for  a  high  oread;  at 


the  level  of  its  axle  for  a  low  breast.  The 
wheel  revolves  in  a  curved  bed  or  breast  of 
maaoury  or  timber,  which  haa  half  inch  clearance 
for  an  iron  wheel  with  masonry,  or  one  inch  for 
wood.  This  breast  terminates  about  a  foot  short 
of  the  vertical  diameter  of  the  wheel.  Breast 
wheels  are  suitable  for  falls  over  six  feet,  and  are 
more  efficient  than  overshot  wheels  when  there  are 
fluctuations  of  two  feet  or  more  in  the  level  of  the 
head  race. 

Breath  Figures. — Images  produced  by 
the  moisture  of  the  breath  upon  the  surface 
of  glass  on  the  spots  where  an  electrified 
object,  such  as  a  coin,  had  previously 
rested. 


-A  term  used  to  denote  air  cur- 


rents from  a  pointed  conductor  due  to  mu- 
tual repulsion  between  the  electricity  col- 
lected on  the  point  of  the  conductor  and 
the  electrified  air  particles  near  the  point. 
Also  called,  electric  wind. 

Brefi^et*s  Manipulator. — The  sending 
apparatus  of  Breguet's  step  by  step  system 
of  telegraphy. 

Brick. — A  rectangular  block  of  clay,  mould- 
ed to  regular  sizes,  and  burnt  to  give  it 
hardness  and  durability.  The  usual  sizes 
average  8ix4^x2.  The  color  of  bricks  de- 
pends upon  the  amount  of  ferric  oxide  in 
the  clay,  ranging  from  white  with  1%, 
through  buff  and  orange,  to  a  deep  red  with 
6%.  Common  bricks  are  made  from  a  marly  or 
sandjr  clay  or  an  artificial  marl,  termed  malm,  made 
by  mixing  chalk  with  the  clay. 

Bridg^e. — 1.  In  civil  engineering,  a  struc- 
ture erected  over  a  waterway,  ravine  or 
road,  for  the  passing  of  persons,  animals, 
railroads  or  venicles. 

2.  In  steam  engineering,  a  lower  vertical 
partition  at  the  back  of  the  grate  space  of  a 
furnace.  The  flame  in  passing  the  bridge  is  de- 
flected upward  against  the  bottom  of  l^e  boiler. 

3.  An  arrangement  of  resistances  combined  with 
a  battery  and  galvanometer  devised  by  Wheatstone 
for  the  measurement  of  electric  resistance.  It  con- 
sists essentially  of  two  "proportional  arms"  of 
such  values  that  one  arm  has  one,  ten,  one  hundred 
or  one  thousand  times  tho  resistance  of  the  other 
arm.  A  third  arm  is  divided  into  tenths,  units, 
tens,  hundreds  and  thousands  of  ohms.  The  un- 
known resistance  to  be  measured  is  the  fourth  arm. 

4.  In  shipbuilding,  a  partial  deck  extending 
from  side  to  side  of  a  vessel  forward,  and  used  by 
the  oflScer  in  command  as  a  convenient  station  to 
overlook  and  from  which  to  give  his  orders. 

5.  In  metallurgy,  the  low  wall  of  division  be- 
:  between  the  fuel  chamber  and  hearth  of  a  rever- 

beratory  fum«*'«». 

Bridge  Arms. — The  balancing  arms  of  an 
electric  bridge. 

ifridse  Balance  of  Telegraph  Line. — 

In  duplex  telegraphy,  a  balance  based  upon 
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the  principle  of  the  Wheatstone  bridge, 
such  that  the  home  receiving  instruments, 
while  ready  to  respond  to  signals  received, 
will  not  respond  to  those  transmitted  from 
the  home  end. 

Brlds^e  Dnplez. — ^The  method  of  duplex 
telegraphy  used  principally  in  submarine 
cable  practice;  it  involves  the  use  of  a 
Wheatstone  bridge  in  obtaining  a  balance. 

Bridge  Method* — A  method  of  measuring 
the  resistance  in  a  circuit  by  means  of  the 
Wheatstone  bridge. 

Bridge  of  Fuse* — ^A  narrow  space  in  a 
safetjr  fuse  connection  filled  in  with  a  com- 
position suitable  for  developing  the  heat 
of  the  electric  current. 

BridMs* — Copper  bars  designed  to  connect 
a  dynamo  to  the  bus  bars  in  an  electric 
lighting  station. 

Bridff o  System  of  Qnadraplez  Teleg' 
rapny, — An  adaptation  of  tne  method  of 
duplex  telegraphy  to  quadruplex  teleg- 
raphy. 

Bridffe  Wall* — A  transverse  wall  of  fire- 
bri^  placed  in  the  jthroat  of  a  boUer  fur^ 
nace,  at  the  end  of  the  fire  grate.  It  pre- 
vents the  admission  of  air  except  over  or 
through  the  fuel,  and  forces  the  currents 
of  flame  and  gases  to  traverse  the  crown 
of  the  furnace,  and  mingle  together  in  so 
doing. 

Brids^e  Wire. — In  a  Wheatstone  bridge, 
the  wire  connecting  with  the  galvanometer. 

Brid^in^  Bells. — Call  bells  in  a  bridging 
or  multiple  telephone  system  of  party  line 
working,  bridged  across  the  two  sides  of  the 
line,  and  provided  with  magnets  of  high 
resistance  and  retardation. 

Bridffinfp  Bell  Telephone  System.— A 

bridging,  or  multiple,  system  of  party  line 
telephone  working  in  which  the  call  bells 
at  each  station  are  permanently  bridged 
across  the  two  sides  of  the  line,  so  that  each 
call  rings  every  bell  in  the  circuit;  a  code  of 
signals  being  used  to  distinguish  the  various 
parties  on  the  line. 

Brid^in^  Coils. — In  telephone  practice, 
coils  connected  in  bridge,  or  multiple,  as 
opposed  to  series  connected  coils. 


'Bridffing  Indieator. — ^A  shunt  or  parallel 
indicator  in  a  telephone  system,  as  distin- 
guished from  one  in  series  connection. 

Sridffiag  ReUby. — ^A  shunt  connected  re- 
lay m  a  telegraph  or  telephone  circuit. 

Bridle  Chain. — In  submarine  cable  lasring, 
a  chain  attached  to  a  buoy,  and  so  connect- 
ed with  the  buoy  rope  that  the  rope  may  be 
readily  picked  up  wnen  the  buoy  is  set  tree. 

Bridle  Wires. — 1.  Wires  for  making  line 
wire  connections  into  a  cable  box. 

2.  Wires  which  bring  a  telegraph  station 
into  connection  with  the  line. 

3.  Wires  for  preserving  the  continuity  of 
the  circuit  around  "antirhum"  devices  set 
in  a  telegraph  wire. 

Bright  Deposit. — In  silver  plating,  a  pro- 
cess of  securing  a  bright  instead  of  dull  de- 
posit by  adding  to  the  plating  bath  a  small 
quantity  of  bisidphide  of  carbon. 

Bright  Dipping. — ^Dipping  a  metal  into 
acid  to  give  it  a  bright  surface  in  prepara- 
tion for  electroplating. 

Briffht  Dipping  Liqnid. — ^The  acid  used 
for  brightening  metals  in  bright  dipping. 

Brig^ht  Red  Heat. — In  tempering,  a  stage 
of  temperature  when  the  black  scales  on 
the  surface  of  iron  are  thrown  into  relief 
against  the  red  backgroimd,  and  which  cor- 
responds roughly  with  a  temperature  of 
1800°  F. 

Brig^ht  Work. — ^The  polished  parts  of  a 
steam  engine  or  other  machine. 

Brilliancy. — ^The  intensity,  or  strength,  of 
a  source  of  illumination. 

Brimstone. — ^The  common  name  for  artifi- 
cially prepared  sulphur;  so  called  from  its 
burning  qualities. 

Britannia  Joint. — A  method  of  connecting 
lengths  of  telephone  or  telegraph  wires,  in 
which  the  two  ends,  after  being  carefully 
scraped,  are  laid  side  by  side  for  a  distance 
of  about  two  inches,  an  inch  or  so  at  the  end 
of  each  being  previously  turned  up  at  right 
angles,  then  wound  tightly  together  with  several 
turns  of  binding  wire,  and  the  whole  carefully 
soldered. 

British  Association  Brid^^e. — ^A  form 
of  Wheatstone  bridge  used  by  the  British 
Association  for  determining  the  B.  A.  ohm. 


BriiUk  Assoctation  Unit, 


47 


Brush  Rocker, 


British  AsM>ci»tioii  Unit.— A  value  of 
the  ohm  as  determined  by  the  British  Asso- 
ciati<»i,  and  as  expressed  by  standard  re- 
sistance coils  of  German  silver;  the  B.  A. 
ohm. 

British  Thermal  Unit.— That  quantity  of 
heat  required  to  raise  the  temperature  of 
one  pound  of  pure  water  one  degree  Fahr., 
at  or  near  39.1^  F.,  this  being  the  tempera- 
ture of  the  maximum  density  of  water; 
abbreviated  B.  T.  U. 

Broken  Cirenit* — ^A  term  denoting  an  elec- 
tric circuit  containing  an  air  gap,  or  open 
space,  so  that  no  current  can  pass  through 
it.    Also  called,  open  circuU, 

Bromide. — ^In  chemistry,  a  compound  of 
bromine  with  a  more  positive  radical;  a  salt 
ci  hydrobromie  add. 

Bromine* — ^In  chemistry,  one  of  the  ele- 
ments, related  in  its  chemical  qualities  to 
chlorine  and  iodine.  It  is  a  deep  reddish 
brown  liquid  of  a  very  disagreeable  odor, 
emitting  a  brownish  vapor  at  the  ordinary 
temperature. 

Bronse* — 1.  A  varsring  alloy  of  copper  and 
tin,  with  occasionally  line  or  lead  added. 
The  copper  varies  from  80  to  90%  and  the 
tin  from  10  to  20%.  The  greater  propor- 
tion oi  tin  makes  a  harder  metal  but  de- 
creases the  tensile  strength. 

2.  An  aOoy,  sunilar  in  oompositkm  to  that  of 
tooli  found  in  the  Fyremidfl  of  Qhiaeh. 

BronBin§f« — ^Depositing  a  layer  of  bronse 
upon  an  object,  by  electroplating. 

Bronain^  Umid. — ^A  recipe  for  this  ma- 
terial is  as  f^ows:  mix  together  one  oi. 
sulphate  of  copper,  one  oi.  sweet  spirits  of 
niter,  one  pint  of  water.  In  three  or  four 
days  it  will  be  ready  for  use. 

Brown  A  Sharpe  ChkU|pe* — The  Ameri- 
can wire  gauge  adopted  as  standard  for 
wires  for  electrical  purposes.  The  range  of 
dkmeters  measured  by  this  gauge  is  from 
number  40  (=.00314  inch)  to  number  0000 

(=.46  inch),  the  gauge  niunbers  descend- 
ing from  40  to  1,  thenoe  0  to  GOOD.  Like  other 
■tenduds,  the  gfuga  number  deoreaaee  as  the  di- 
ameter increaeee  ;  abbreviated  B.  A  S.  W.  Q. 


Brush. — ^A  device  for  drawing  o£f  from  the 
commutator  the  electric  current  generated 
by  the  armature  of  a  generator.  Brushes 
are  made  in  a  variety  of  forms  and  of  dif- 
ferent materials,  usually  of  copper  or  brass 


gause;  sometimes  of  metal  strips  laid  to- 
gether, bundles  oi  wire  carbon  blocks,  or 
small  carbon  wheels. 

Braeh  and  Sprajr  Disehjbrse. — A  dis- 
charge of  high  potential  resemMinff  a  spray 
of  fine  sparks,  or  a  luminous  brush,  some- 
times emitted  from  an  electric  conductor. 

Bmsh  Anffle. — ^The  ai^le  formed  by  a 
brush  and  a  tangent  to  the  commutator  at 
the  point  of  brush  contact.  When  the 
brushes  do  not  bed  properly  the  brush  tips 
or  ends  have  to  be  filed  to  tne  proper  angte, 
usually  about  45^. 

Bmeh,  Chibrles  Franeie. — Bom  1849. 
An  American  inventor.  He  was  employed 
as  a  chemist  from  1869-1871,  afterwards 
entering  the  iron  industry  in  which  he  was 
engaged  until  1875.  In  1876,  he  perfected 
a  dynamo  which  is  known  by  his  name,  and, 
soon  after,  the  series  are  lamp.  He  has  reoeived 
over  fifty  patents  since  his  orismal  inventions, 
mainly  on  miproved  details  of  his  dynamo  and 
lamp.  He  established  the  Brush  Electric  Co., 
whidi  oontrolB  his  patents,  and  in  1899  he  was 
awarded  the  Rumford  MedaL 

Brash  Centact  Surface. — 1.  That  part 
of  the  surface  of  a  commutator  upon  which 
the  brushes  rest. 

2.  That  portion  of  a  commutator  brush 
which  makes  contact  with  the  commutator 
surface. 

Brash  Eleetrode. — In  electro-therapeu- 
tics, an  electrode  resembling  a  brush,  for 
tjie  medical  application  of  electricity. 

Brash  Holder  Cable. — ^A  conducting  ca- 
ble directly  connected  to  the  brushes  of  a 
dynamo  or  motor  commutator. 

Brash  Holders. — ^Adjustable  clutches  for 
holding  the  commutator  brushes  of  a  dy- 
namo, feeding  them  forward  to  preserve 
the  contact  as  they  wear  away,  and  permit- 
ting them  to  be  ufted  from  contact  when 
necessary. 

Brash  Loss. — ^The  loss  in  watts  due  to  the 
friction  oi  the  brush  contacts  against  the 
surface  of  a  commutator. 

Brash  Pressure. — 1.  The  pressure  with 
which  the  brushes  bear  upon  the  commuta- 
tor of  a  dynamo. 

2.  The  electric  pressure  or  voltage  de- 
Kvered  at  the  brusnes. 

Brush  Rocker. — ^A  rocker  or  'Voke"  upon 
which  the  brush  holders  of  a  dynamo  are 
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fixed  BO  that  the  position  of  the  brushes 
upon  the  commutator  may  be  adjusted. 
When  a  dynamo  is  working,  the  neutral 
points,  or  the  points  upon  the  commutator 
where  sparkleas  collection  of  the  current  can  be 
made,  vary  in  position  as  the  load  upon  the 
dynamos  varies,  moving  round  in  the  direction  of 
rotation  as  the  load  increases,  and  vice  veraa.  It 
is  necessary,  therefore,  in  order  to  avoid  spark- 
ing, to  shift  the  brushes  bodily  upon  the  com- 
mutator from  time  to  time,  wimout  in  anv  way 
altering  the  adjustments  of  the  brush  holder 
springs  or  breakmg  the  working  circuit. 

Brush  Surface. — ^That  portion  of  a  brush 
that  makes  contact  with  the  surface  of  the 
commutator. 

B.  T.  U. — In  mechanics,  the  abbreviation 
for  British  Thermal  Unit. 

Bucking^. — In  electric  railway  operating,  a 
sudden  and  violent  stopping  of  a  car  as  the 
result  of  the  opposition  of  one  motor  against 
another. 

Buckled  Diaphragm* — A  warped  condi- 
tion of  the  diaphragm  of  a  telephone  trans- 
mitter or  receiver,  resulting  in  impaired 
eflficiency. 

Buckling^. — ^The  distortion  occurring  in  the 
plates  of  a  storage  battery  as  a  result  of 
excessive  discharge. 

Buffiuff. — 1.  The  process  of  making  ready 
metal  surfaces  for  electroplating,  by  pol- 
ishing off  with  rapidly  revolving  wheels 
covered  with  rouge. 

2.  The  polishing  of  articles  which  have 
been  plated  in  order  to  give  them  the  proper 
finish. 
< 

Buffing  Lathe. — A  machine  used  in  polish- 
ing by  buff  wheels;  known  also  as  a  polish- 
ing hob. 

Bug^. — A  familiar  name  for  any  form  of 
trouble  encountered  in  the  working  of  elec- 
trical apparatus. 

Buff  Trap. — A  contrivance  for  overcoming 
SLOng  in  electrical  apparatus. 

Buildings  Iron. — In  electrotyping,  a  tool 
shap>e(l  something  like  a  poker,  used  wl\en 
heated  to  apply  melted  wax  to  the  mould 
in  order  to  build  it  up  before  it  is  put  in  the 
plating  bath. 

Buildings  Blnife, — A  tool  resembling  a 
knife,  used  in  electrotyping  to  remove 
superfluous  wax"  fi*ora  the  matrix. 


Buildings  Process.  —  In  electrotyping,  a 
process  of  building  up  the  blank  places  in 
the  mould  to  make  corresponding  depres- 
sions in  the  plate,  by  the  application  of 
melted  wax  by  means  of  the  building  iron. 

Buildings  Switch. — ^A  switch  set  in  an  elec^ 
trie  circuit  for  the  purpose  of  disconnecting 
a  building  from  that  circuit. 

Building^-up. — ^The  active  accumulation  of 
electromotive  force  which  a  continuous 
current  dynamo  undergoes  from  the  mo- 
ment it  starts  till  it  reaches  its  maximum, 
as  the  result  of  mutual  reaction  and  rein- 
forcing of  the  currents  generated  in  the 
armature  and  field  magnet  coils;  the  re- 
action of  a  dynamo. 

Built-in  Underg^round  Conductor. — An 

electric  conductor  permanently  and  solidly 
buHt  into  a  conduit  with  an  insulating  sub- 
stance instead  of  lying  detached  and  free. 

Built-up  Kag^et. — A  compound  magnet 
consisting  of  a  number  of  single  magnets, 
separately  magnetized  and  bound  together. 

Bullet  Probe. — ^A  probe  with  electrical  con- 
nections for  locating  a  bullet  by  makine  an 
electrical  contact  and  giving  a  signal  wnen 
the  bullet  is  found. 

Bunched  Cable. — ^A  cable  enclosing  two  or 
more  conductors. 

Bunsen  Burner. — A  form  of  gas  burner 
used  for  stoves,  furnaces,  and  laboratory 
purposes,  where  a  hot,  non-luminous  flame 
IS  required.  It  was  invented  by  R.  W. 
Bunsen.  Its  essential  feature  consists  in 
drawing  in  a  sufficient  supply  of  air  to  pro- 
mote complete  combustion  and  fwi-ring  it  with  the 
gas  beforehand.  This  is  effected  by  means  of  a 
nossle  within  a  short  tube,  the  jet  of  gas,  rushinK 
from  this  nozzle  towards  the  burner  at  the  far  end 
of  the  tube,  sucks  in  the  air  through  opening  in 
the  side  of  the  tube,  and  the  gas  and  air  mmglo 
on  their  way  to  the  burner. 

Bunsen  Cell. — A  voltaic  cell  for  experi- 
mental purposes  devised  by  R.  W.  Bunsen. 
It  is  usually  of  circular  shape,  and  contains 
a  solution  of  sulphuric  acid  in  which  stands 
a  cleft  zinc  cylmder;  inside  of  that  is  an 
earthenware  porous  jar  containing  a  rod  of 
carbon  immersed  in  strong  nitric  acid. 

Bunsen  Photometer. — A  photometer  em- 
plojdng  a  screen  of  somewhat  opaaue  paper 
made  translucent,  except  a  central  spot  (or 
as  to  a  central  spot  alone)  by  being  satu- 
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rated  with  spermaceti,  paraffin,  or  other 
suitable  material;  the  screen  is  mounted 
upon  a  graduated  scale,  at  one  end  of  which  the 
Btandard  light  is  fixed,  and  at  the  other  the  light 
to  be  compared.  Bv  moving^  Uie  screen  along  the 
scale  until  \he  spot  becomes  mvisible,  the  relative 
illuminating  powers  of  the  two  lights  may  be  de- 
tennined  as  tne  square  of  their  distances  from  the 
screen:  also  called  the  grease  spot,  or  translucent 
disc  photometer. 


Bunsen*  Robert  Wilhelm*— Bom  1811, 
died  1899.  A  German  chemist,  for  many 
years  professor  at  the  University  of  Heidel- 
berg. His  numerous  discoveries  contribu- 
ted greatly  to  the  progress  of  science.  He 
discovered  an  improved  method  of  spec- 
trum ana^rsis;  the  magnesium  light;  important 
principles  m  the  nature  of  organic  compounds;  and 
numy  valuable  facts  in  physical  chemistry.  He  in- 
vented an  ice  calorimeter;  a  filter-pump;  a  photom- 
eter (1843);  a  primary  electric  cell;  and  uie  well- 
known  Bunsen  burner  (1850)  which  furnishes  a 
smokeless,  non-luminous  flame  of  high  tempera- 
ture. His  numerous  publications  are  of  the  great- 
est scientific  value. 

Bunsen  Screen. — ^The  movable  disc  of 
somewhat  opaque  paper,  made  translucent 
except  for  a  central  spot  (or  with  a  translu- 
cent center  only),  used  in  the  Bunsen  pho- 
tometer. 

Booyt  Electric. — A  buoy  which  displays 
electric  light  signals. 

Burette. — A  glass  tube  usually  graduated 
to  fractions  of  a  centimeter,  used  for  accu- 
rately measuring  out  small  amounts  of  a 
liquid. 

Bnrg^Utr  Alarm. — A  device  attached  to  a 
door  or  window,  to  cause  an  alarm  when 
opened  from  the  outside. 

Bnrg^lar  Alarm  Annunciator. — ^An  an- 
nunciator connected  with  a  burglar  alarm 
system. 

Burglar  Alarm  Contacts.— Contacts  so 
adjusted  to  windows,  doors,  and  other  fix- 
tures as  to  sound  an  alarm. 

Bnrelar  Alarm,  Electric. — A  device  for 
making  an  electrical  contact  and  sounding 
an  alarm  when  a  door,  window,  or  any  other 
point  fitted  with  the  alarm  is  distiu*bed. 

Burslar  Alarm  Mat. — A  mat  furnished 
wiu  electric  contacts  which  ring  an  alarm 
when  it  is  stepped  upon. 

Buried  Cable. — A  cable  laid  directly  in 
the  ground  without  being  enclosed  in  a  con- 
duit. 


Buried  Transformer. — A  transformer  en- 
closed in  a  water  tight  case  and  buried 
underground. 

Burned  Out  Incandescent  Lamp. — An 

incandescent  lamp  which  becomes  ex- 
hausted after  constant  use,  and  ceases  to 
give  light. 

Burner,  Electric. — A  gas  burner  fitted 
with  a  device  for  lighting  the  gas  by  an 
electric  spark. 

Burnettise. — A  method  of  enabling  wood  to 
resist  decay  by  saturating  it  with  a  solution 
of  zinc  chloride. 

Burning^  at  Commutator. — I  n  j  u  r  i  o  u  s 

sparking  and  flashing  at  the  contacts  of 
tne  brushes  with  the  commutator  of  a  dy- 
namo due  to  faulty  adjustments,  defective 
conditions,  short  circuits,  overload  of  dy- 
namo, etc. 

Burnishing. — Polishing  metal  articles  be- 
fore and  after  electroplating,  by  tools  of 
steel,  agate,  or  similar  nard  materials. 

Burn  Out. — ^The  damaging  of  any  portion  of 
an  electric  machine  hy  the  accidental  pas- 
sage through  it  of  a  violent  current. 

Burnt  Deposit. — A  dark  colored  sediment 
that  is  deposited  during  the  process  of 
electroplating  when  too  strong  a  current  is 
appliea  to  the  bath;  also  caUed,  black  de- 
posit. 

Burstings  Charg^e. — In  blasting,  a  small 
charge  of  fine  powder,  placed  in  contact 
with  a  charge  of  coarse  powder  to  ensure 
the  ignition  of  the  latter.  It  is  usually 
fired  by  electricity. 

Bus  Bar  Connectors. — Connections  for 
joining  the  ends  of  dynamo  bus  bars. 

Bus  Bars. — Heavy  copper  bars  connected 
with  all  of  the  dynamos  in  a  central  station 
in  order  to  receive  the  entire  electrical  out- 
put, and  issue  it  to  the  distributing  con- 
ductors of  the  system;  omnibus  bars. 

Bus  Bar  Stand. — A  stand  for  supporting 
a  bus  bar  on  a  switchboard. 

Bus  Bar  Voltmeter. — A  voltmeter  for 
measuring  the  electric  pressure  maintained 
between  the  positive  and  negative  bus  bars. 

Bus  Field  Excitation. — A  method  of  ex- 
citing a  dynamo  by  applying  a  current 
taken  directly  from  the  bus  bars. 
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Bushed  Poles. — Poles  of  a  dynamo  field 
frame  having  extended  pole  shoes  or 
pieces. 

Bashings  of  S<»cket. — A  small  insulating 
cylinder  inserted  at  the  base  of  an  incan- 
descent lamp  socket,  affording  insulation 
and  protection  to  the  conducting  wires. 

Bus  Rods. — ^In  electric  lighting  stations, 
heavy  copper  conductors,  which  receive 
the  current  from  all  the  generators.  Also 
called  bus  bars. 

Busy  Jack. — A  jack  in  the  switchboard  of 
a  central  telephone  exchange,  so  connected 
that  by  inserting  into  it  the  plug  of  any 
line  the  calling  operator  may  be  notified 
that  the  subscriber  wanted  is  busy. 

Busy  Test. — In  a  multiple  telephone 
switchboard,  a  method  of  notifying  the 
operators  at  the  different  boards  that  any 
particular  line  is  already  busy,  by  causing 
a  "click"  to  sound  when  any  operator 
touches  the  tip  of  her  answering  plug  to 
the  test  ring  of  that  line. 

Busy  Test  Lamp. — In  telephony,  a  visual 
signal  on  the  operator's  switchboard  con- 
sisting of  a  small  incandescent  lamp,  used 
to  indicate  when  a  line  is  busy. 

Butt  Joint. — 1.  A  method  of  joining  lengths 
of  wire  by  setting  them  end  to  end  and 
welding  or  soldering  them  together. 


2.  An  ''end-on"  joint  in  belting  to  se- 
cure even  running  for  belt  driven  dynamos. 

Button  Bepoater. — In  telegraphy,  a  meth- 
od of  makmg  the  necessary  connections  for 
repeating  a  message  by  the  turn  of  a  button. 

Butt  Ihfop. — A  pole  having  all  shaped  iron 
fork  attached  to  one  end,  used  to  support 
a  telegraph  pole  while  b^ng  raised.  Also 
called  dead  man. 

Bussor. — 1.  An  electric  call  signal  which 
makes  a  buzzing  noise  caused  by  the  rapid 
vibrations  of  a  contact  breaker.  It  oper- 
ates on  the  same  principle  as  the  electric 
bell  and  can  be  adjusted  to  emit  a  musical 
and  pleasing  hum  instead  of  the  ordinary 
ringing. 

2.  In  gas  engines,  ft  name  sometimee  applied  to 
the  vibrator  or  trembler  of  a  jump  spark  ignition 
system. 

B.  W.  G. — Abbreviation  for  Birmingham 
wire  gauge,  a  British  standard  gauge. 

By-pass  of  DiseharM. — A  path  through 
an  insulator,  taken  bv  a  sudden  electric 
discharge  instead  of  through  a  conductor 
of  very  much  smaller  resistance.  Also 
called  alternative  path. 

B.  ft  S.  W.  G. — ^Abbreviation  for  Brown  & 
Sharpe's  wire  gauge,  the  standard  American 
gauge  for  electric  wires. 


C. — 1.  Abbreviation  for  arpae- 

2.  Abbreviation  for  CerUt- 

3.  Abbreviation  for  coulomb. 

4.  Abbreviation  for  current. 
B.  The  rKmboi  of  elactiio  cftp&O' 


Ctt'binet  Se»t  Cont»ot> — A  contact  be- 
neath the  seat  in  a  teiepbone  cabinet,  which 
is  closed  by  a  pereon's  weight  upon  ihe  seat. 

Cable. — 1.  A  single  copper  wire,  or  strand 
of  such  wires,  heavily  insulated  and  covered 
by  a  coated  metal  sheath  or  envelope,  for 
the  purpose  of  telegraphic  communication 
or  electrical  distribution. 


Oabl*  Box. — A  Builable  bos  of  iron  or  wood 
designed  to  Bhelt«r  a  cable  head  in  overhead 

CkUs  Bnoy.— a  buoy  designed  to  float 
the  end  of  a  submarine  cable  during  process 
of  laying  or  repairing. 


C»bl«  CelL^A  voltaic  cell  produced  in  a 
defective  cable  by  a  broken  strand  of  the 
conducting  core  and  the  metallic  sheath 
acting  together  as  electrodes. 

Cftbla  Claarinf  Hons*  Syatem. — A  s^ 

tem  of  repeating  a  cablegram  upon  receipt 
back  to  the  sending  office  for  verification. 

C»bl*  Clip. — A  clip  for  suspending  an  over- 
head cable  from  a  messenger  wire;  a  cable 

Ckbl*  Cloainy  MaeUne. — A  machine  for 
applying  the  out^r  eorering  to  a  cable. 

Cable  Ci>da. — 1.  An  alphabet  for  cable  aig- 

2.  A  cipher  for  abbreviating  cable  mea- 


C»bl«     CroH     Conneetlnc 
BcMTd.— A  diatributiuK 
board  in  a  telephc 
at   the   point  where  the 
side   cables  are  admitted  into  a  building, 
designed  to  aid  in  making  subscribers'  con- 
nections with  the  switchboard  cables. 

CablA  Cnrrenta. — Stray  currents  that 
may  arise  in  a  submarine  cable  line.  They 
may  consist  of  earth  currents,  or,  in  case  of 
a  break,  currents  which  flow  from  the  frac- 
tured end  of  the  cable  core  to  the  metal 
sheath  and  so  through  the  station  appara- 


Cabla  Drum. — A  drum  upon  which  a  cable 
may  be  coiled  t^i  secure  convenient  hand- 
ling. 

Cable.  El*etpla  LIgrbt. — A  cable  which 
distributes  the  ciiirent  to  a  system  of  eleo- 

tfic  lights. 

Cable  Fault. — A  defect  of  whatever  na- 
ture, wldch  interferes  with  the  proper  action 
of  an  electric  cable. 

Cable  Float.— A  float  upon  which  a  sub- 
marine cable  may  rest  to  relieve  the  strain 
in  the  process  <g  paying  out;  a  cable  re- 


iBsage  by  cable;  a 

Cable  Orapnel. — A  grapphn^  iron  for  the 
purpose  of  grasping  a  submanne  cable  and 
brin^g  it  to  tiie  surface  for  inspection  or 


Cable  Grip. — A  grip  secured  to  the  end  of 
aa  underground  cable  so  that  it  may  be 
readily  drawn  through  a  conduit. 


Cable  Hanger. 


52 


Cable  Tdegraph. 


Cable  EUhnMr. — A  clip  designed  to  hold 
an  overhead  cable  to  relieve  the  strain.  It 
is  suspended  from  a  steel  sustaining  rope, 
called  the  messenger  wire. 

Cable  Hang^er  Ton^s. — ^Long  handled 
tongs  for  suspending  an  overhead  cable  by 
means  of  hangers  from  the  messenger  wire. 

Cable  Head. — A  sealed  iron  box  within 
which  are  arranged  terminals  of  overhead 
wires  so  that  they  may  be  assembled  into 
a  cable. 

Cable  House. — A  small  house  built  on  the 
seashore  to  shelter  the  land  end  of  a  sub- 
marine cable. 

Cable  Jacks. — In  line  construction,  a  pair 
of  supports  for  raising  the  axle  of  a  cable 
reel  so  that  the  drum  may  freely  rotate  in 
paying  out  the  cable. 

Cable  Joint. — An  insulated  connection  for 
uniting  lengths  of  cable. 

Cable  Junction  Box. — A  device  for  secur- 
ing a  perfectly  insulated  cable  joint. 

Cable  Land  Line. — A  land  telegraph  line 
employing  a  cable  instead  of  single  exposed 
wires. 

Cable  Laying^. — The  operation  of  deposit- 
ing a  cable  upon  the  bed  of  the  ocean. 

Cable  Lead. — A  lead  composed  of  a  num- 
ber of  conductors  made  up  into  a  cable. 

Cable  Messag^e. — A  message  sent  or  re- 
ceived by  submarine  cable;  a  cablegram. 

Cable  Office. — The  station  from  which  ca- 
blegrams are  transmitted. 

Cable  Pillar. — In  high  pressure  electric 
transmission  lines,  a  pole  of  steel  construc- 
tion used  instead  of  the  ordinary  wooden 
pole  for  carrying  the  feeder  cables;  a  feeder 
pillar. 

Cable  Protector. — 1.  A  contrivance  for 
preventing  injury  to  the  insulation  of  a 
cable  by  discnarging  the  electric  charges 
induced  in  the  metal  armor  by  the  varying 
£.  M.  Fs.  in  the  core. 

2.  A  fuse  provided  in  the  cable  head  ter- 
minal of  overhead  wires. 

Cable  Rack. — A  rack  set  behind  a  tele- 
phone switchboard  to  support  the  cable 


containing  the  wires  leading  to  that  switch- 
board. 

Cable  Resistor. — ^A  float  for  relieving  the 
strain  upon  a  submarine  cable  in  the  pro- 
cess of  paying  out. 

Cable  Road. — A  street  railway  line  in 
which  power  is  derived  from  an  endless 
cable  actuated  by  a  central  stationary  en- 
gine,, and  nmning  over  pulleys  between  the 
rails  or  in  a  conduit  beneath  them;  the  cars 
are  provided  with  a  gripping  lever  to  con- 
nect with  the  running  cable.  The  cable 
road  was  the  forerunner  of  electric  traction. 

Cable  Sending^  Key. — A  key  for  sending 
through  a  submarine  cable  the  electric  im- 
pulses necessary  for  the  transmission  of  the 
message. 

Cable  Serving^. — A  hemp  or  jute  coating 
wrapped  about  th&  core  of  a  cable  to  re- 
lieve it  from  the  weight  of  the  external 
armor. 

Cable  Ship. — A  specially  designed  vessel 
equipped  with  appliances  for  la3dng  or  re- 
pairing a  submarine  cable. 

Cable  Signals. — Signals  received  by  sub- 
marine cable. 

Cable  Speakinff  Set. — The  instruments 
employed  in  cable  signaling. 

Cable  Spinning^  Jenny. — A  contrivance 
for  adjusting  an  overhead  cable  to  the  mes- 
senger wire;  a  cable  winder. 

Cable  Splice. — A  means  of  joining  the 
sheathing  at  the  ends  of  two  sections  of 
cable. 

Cable  Stop. — In  electric  elevators,  a  de- 
vice to  stop  the  winding  machine  and 
prevent  the  slacking  of  the  cables  upon 
the  drum  in  case  the  car  is  obstructed  in 
any  manner  in  its  descent. 

Cable  Switchboard. — ^A  switchboard  for 
the  reception  of  wires  introduced  into  a 
building  oy  a  cable. 

Cable  Tank. — A  strong  compartment  on  a 
cable  ship,  or  elsewhere,  for  acconmiodating 
the  coils  of  a  submarine  cable,  either  pre- 
paratory to  laying,  or  for  purposes  of  test- 
mg;  a  cable  wdl. 

Cable  Tele^aph.— The  telegraphic  outfit 
for  transmitting  messages  by  submarine 
cable. 
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Cable  Telegraphy. — Transmitting  mes- 
sages througn  a  submaniivj  cable. 

Cable  Terminal. — An  impervious  cover 
applied  to  the  exposed  end  of  a  telephone 
cable  to  protect  it  from  moisture. 

Cable  Terminal  Pole. — In  overhead  ca- 
ble construction,  the  last  pole  on  a  line 
carrying  the  cable  head. 

Cable  Terminal  Switchboard. — An  ar- 
rangement in  a  cable  head  which  admits  of 
the  wires  being  fanned  out,  to  separate  bind- 
iag  posts,  and  then  connected  to  terminals 
outside  the  box. 


Cable  Testing^. — ^The  application  of  pres- 
sure, strains,  electric  currents,  etc.,  to  a 
cable  to  test  its  quality  before  lading. 

Cable  Transformer. — A  transformer  for 
alternating  currents  in  which  the  conduc- 
tors are  enclosed  in  a  metallic  sheath,  like 
a  cable. 

Cable  Vault. — A  vault  for  the  reception  of 
underground  cables  where  they  enter  a 
building,  and  in  which  the  cables  may  be 
opened  for  the  necessary  connections. 

Cable  WelL — A  compartment  in  a  cable 
ship  in  which  the  submarine  cable  is  wound 
before  laying;  a  cMe  tank. 

Cable  Work. — Any  work  concerned  with 
the  making  or  handling  of  cables. 

Cable  Worming^. — Hemp,  or  similar  ma- 
terial, forming  a  core  about  which  to  wind 
the  conductors  of  a  cable. 

Cadmiam. — A  white  metal  with  bluish 
tinge  belonging  to  the  same  chemical  fami  v 
as  zinc,  which  it  closely  resembles.  Cacl- 
mium  and  mercury  in  electrolytes  of  the 
sulphates  of  cadmium  and  mercury  form 
the  elements  of  the  Weston  standard  cell. 

Cadmiam  Cell. — A  standard  primary  cell 
known  as  the  Weston  cadmium  cell.  Cad- 
mium and  mercury  form  the  elements  of 
this  cell  in  electrolyt-es  of  the  sulphates  of 
cadmium  and  mercury.  By  the  constancy 
of  this  cell  and  its  freedom  from  tempera- 
ture coefficient,  it  has  largely  superseded 
the  Clark  cell  as  a  working  standard. 

Cadmium  Plate. — A  small  plate  of  the 
metal  cadmium  attached  to  a  wire  for 
testing  the  voltage  of  a  cell  in  a  storage  bat- 
tery. 


Cag^e  Ligfhtning^  Protector. — A  wire 
lightning  arrester  built  like  a  cage  around 
the  protected  object. 

Calamine. — An  ore  of  zinc.  It  is  zinc 
carbonate  consisting  of  64.8  zinc  oxide  and 
35.2%  carbon  dioxide.  It  is  found  in  many 
parts  of  Great  Britain  and  the  United 
States. 

Calcium. — A  rare  white  metal,  rather  hard- 
er than  lead,  having  a  specific  gravity  of 
1.85  and  melting  at  189°  F. 

Calcium  Carbide. — A  compound  of  car- 
bon and  calcium  which  mixed  with  water 
produces  acetylene.  It  is  manufactured 
m  an  electric  furnace  known  as  a  carbide 
furnace. 

Calcium  Lig^ht. — A  very  intense  white 
light  produced  by  the  incandescence  of  a 
ball  of  lime  in  the  flame  of  combined  oxygen 
and  hydrogen  gases;  lime  light. 

Calculag^aph. — An  instrument  employed 
in  long  distance  telephoning  for  recording 
the  length  of  time  during  which  a  subscriber 
has  use  of  the  line. 

Cal-electric  Generator. — A  generator 
operating  on  the  principle  of  producing  cur- 
rents in  the  core  of  the  secondary  coil  of  a 
transformer  by  changes  in  temperature. 

Cal-electricity. — Electricity  generated  in 
the  core  of  a  transformer  coil  by  the 
influence  of  changes  in  temperatiu*e. 

Calibrate. — To  ascertain  by  special  meas- 
urement, or  by  comparison  with  a  standard, 
variations  in  the  readings  of  a  galvanometer 
or  other  instrument  for  electrical  measiu*e- 
ment. 

Calipers. — Instruments  to  measure  internal 
and  external  diameters  or  calibres  of  cylin- 
drical pieces;  they  usually  consist  of  two 
curved  pieces  of  steel,  hinged  together  with 
a  tight  joint  at  one  end,  the  distance 
between  the  points  representing  the  meas- 
urement taken. 

Call. — 1.  A  signal  in  telephone  practice 
whereby  a  subscriber  indicates  to  the  cen- 
tral operator  his  desire  to  make  use  of  the 
line. 

2.  A  signal  in  telegraphy  by  which  a  re- 
mote operator  demands  attention,  or  calls 
for  a  response. 

Callan  Cell. — A  primary  cell  consisting  of 
a  round  outer  cast  iron  cell,  and  an  inner 
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porous  jar  containing  a  line  cylinder  in 
dilute  sulphuric  acid.  The  solution  in  the 
iron  compartment  is  two  parts  sulphuric 
acid,  two  parts  nitric  add,  and  one  part 
water. 

CalUuid  C«1L — ^A  primarv  cell  used  in 
French  telegraphic  work.  It  has  a  negative 
electrode  of  copper  and  a  positive  electrode 
of  amalgamatea  sine  in  an  electrolyte  of 
zinc  sulphate,  with  crystals  of  copper  sul- 
phate as  a  depolarizer.  It  is  sometimes 
called  the  HueiUme  gravity  cell. 

Call  B«ll»  Electrie. — 1.  Any  bell  rung  by 
electrical  contact,  usually  upon  pushing  a 
button. 

2.  The  electric  bell  which  summons  a  tele- 
phone subscriber  to  answer  the  call. 

Calling  Circuit. — In  a  telephone  system, 
the  circuit  which  includes  the  calling  appa- 
ratus and  rings  the  call  bell  of  a  subecnber. 

CalUnpr  Drops. — Drop  shutters  used  in  the 
switchboard  of  small  telephone  exchanges 
to  indicate  to  the  operator  which  subscriber 
is  calling. 

Calliiur  Jack. — ^In  a  multiple  telephone 
switchboard,  a  springjack  into  whicn  the 
operator  inserts  a  plug  to  call  a  subscriber. 

Calling  Mapieto. — In  telephony,  a  mag- 
neto generator  and  polarized  call  bell 
mounted  together  to  form  a  calling  appara- 
tus. 

Calling  Plugf. — ^A  connecting  plug  for  in- 
sertion into  the  springjack  or  socket  of  a 
telephone  switchboaroT  to  effect  a  connec- 
tion with,  and  to  call  up,  the  subscriber 
wanted. 

CalllnfT  Side  of  Tolephono  Circuit.-- 

The  side  over  which  a  call  is  received. 

Callinif  Station* — ^In  telegraphy  or  tele- 
phony, a  station  signifying  a  desire  to  be 
connected  with  another. 

Calling  Wire* — ^The  wire  which  makes  up 
the  calling  drouit,  sometimes  used  in  tde- 
phony. 

Call  Kejr. — A  key  adapted  to  making  an 
electric  call  signal. 

Call  Lamp. — A  miniature  incandescent 
lamp  in  a  telcnphone  switchboard  which 
lights  when  a  call  comes  through  its  circuit, 
and  signals  the  operator;  an  indicator  lamp. 


Call  Si^^naL — ^The  telegraphic  signal  indi- 
cating the  station  wanted. 

Call  Wire. — 1.  A  special  wire  between  tele- 
phone exchanges  for  purposes  other  than  to 
connect  subscribers. 

2.  A  wire  by  means  of  which  a  subscriber 
summons  the  central  operator,  and  not 
available  for  interchange  of  conversation 
with  other  subscribers. 

Call  Wire  Key. — ^A  kev  by  which  a  sub- 
scriber calls  up  the  telephone  operator. 

Call  Wire  Switchboard. — ^A  special 
switchboard  in  a  telephone  station  where 
the  call  wire  system  is  used,  for  the  purpose 
of  distributing  the  call  wires  among  the  dif- 
ferent operators. 
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Calorescence. — ^The  conversion  of  invis- 
ible rays  of  heat  into  light  rays,  by  con- 
verging them  to  a  focus  upon  a  suitable 
substance  which  may  thereby  be  heated  to 
incandescence. 

Caloric. — A  term  applied  by  Camot  to  the 
supposed  caiise  of  the  phenomena  of  heat, 
at  the  period  when  heat  was  supposed  to 
be  the  manifestation  of  a  substance  called 
caloric,  latent  in  all  bodies. 

Calorie. — ^The  unit  of  heat  in  the  C.  G.  S 
system,  equivalent  to  the  amount  of  heat 
necessary  to  raise  the  temperature  of  a 
gram  of  water  from  0**  to  1°  Centigrade; 
sometimes  called  the  smaller  calorie,  and 
the  therm. 

Caloriflc. — ^In  physics,  a  term  meaning 
heating ;  heat  producing. 

Calorimeter. — ^An  instrument  used  for 
measuring  the  heating  power  of  coal.  It 
consists  of  a  strong  steel  vessel  immersed 
in  water,  proper  precaution  being  taken  to 

grevent  radiation.  One  grain  of  the  coal  to 
e  tested  is  placed  in  a  platinum  tray  within 
the  steel  vesBel.  oxygen  gas  is  introduoed  under 
pressure  of  20  to  25  atmoepheTes  and  the  coal  is- 
nited  by  an  electric  spark.  The  heat  generated 
causes  a  rise  in  the  temperature  of  the  water,  from 
which  may  be  calculated  the  heating  power  of  the 
coaL 

Calorimeter^  Electric. — ^An  instrument 
for  measuring  the  heat  senerated  by  an 
electrical  current  in  a  oonauctor. 
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Calorimetrie  ConduetiTit  jr. — The  power 
a  substance  has  of  oonveying  heat. 

Calorimetrie  Heasnrement. — ^The  use 
ol  a  calorimeter  to  measure  heat  quantities. 

Calorimetrie  Photometer. — ^A  photom- 
eter which  measures  the  intensity  of  light 
by  absorbing  it  in  a  thermo-electric  batt^y , 
and  then  calculating  the  electric  energy 
thus  generated. 

Calorimetry. — ^The  process  of  measuring 
heat  by  the  use  of  the  calmmeter. 

Calorimeter. — ^A  voltaic  battery  consisting 
of  one  or  more  pairs  of  veiy  large  plates  for 
producing  heat  effects. 

Calory. — A  conmion  way  of  spelling  calorie^ 


Cam. — A  revolving  disc,  usually  of  a  spiral 
eccentric,  or  heart  shape,  fixed  on  a  snaft, 
or  such  other  form  as  to  impart  to  a  lever, 
rod  or  block  in  contact  with  it,  such  velocity 
or  alternating  or  vcaiaJUe  moHon  as  may  bie 
required. 

Cam  GoTemor. — ^A  controlling  device 
used  in  connection  with  Otto  (^cle  gas 
engines;  a  stepped  or  differential  cam  is 
used  giving  three  or  four  grades  of  valve 
lift;  the  action  of  the  governor  balls  slides 
the  roller  on  to  one  or  another  of  these  cams 
according  to  the  centrifugal  force  of  the 
balls. 


Cam  Plate. — ^An  eccentric  rotating  plate, 
emplo>red  to  produce  reciprocating  motion 
of  an  intermittent  or  irregular  character. 

Canal  Ray«. — ^When  an  electric  discharge 
passes  between  the  anode  and  a  perforata 
cathode  in  a  vacuum  tube,  pencils  of  light 
called  canal  rays,  consisting  of  positively 
charged  ions,  are  seen  to  pass  through  the 
holes  in  the  cathode  ana  produce  phos- 
phwesoence  against  the  glass. 

Candle. — A  unit  of  illumination;  as,  one 
candle  power. 

Candle  Balance. — ^A  balanced  lever,  or 
scale,  used  in  photometric  research  to  meas- 
ure the  rate  oil  consumption  of  a  burning 
candle  by  the  indicated  loss  in  its  weight. 

Candle^  Eleetrie. — An  early  form  of  arc 
lamp  QEdled,  from  its  inventor,  the  Jablochr 
koffcandU. 


Candle  Foot. — ^A  unit  of  illumination;  be- 
ing the  light  given  by  a  British  standard 
candle  at  the  distance  of  one  foot.  It  is 
equal  to  10.764  candle  melera. 

Candle  Hour. — The  period  of  time,  in 
hours,  a  lamp  bums  before  it  loses  20%  of 
its  candle  power,  multiplied  by  the  average 
candle  power  during  tluit  period. 

Candle  Lumen. — ^A  term  sometimes  em- 
ployed for  the  lumen. 

Candle  Heter. — ^A  unit  of  illumination 
adopted  outside  of  Great  Britain,  being  the 
light  given  by  a  standard  candle  at  the  dis- 
tance of  one  meter. 

Candle  Power. — ^The  standard  candle,  by 
which  all  lights  are  measured,  is  legally 
held  to  be  a  sperm  candle  consuming  120 
grains  of  wax  per  hour.  The  lights  are 
compared  in  a  photometer  while  a  test  is 
being  made.  In  practical  measurements, 
staadardiced  incandescent  lamps  are  more  reliable 
and  accurate  than  the  pzimary  etandard.  Tlie 
standard  unit  of  candle  power  established  by  the 
National  Bureau  of  Standards  at  Washington 
equals  W  of  the  Hefner  unit  under  Reichsanstalt 
standard  condition.  According  to  experiments 
made  by  the  Government  of  the  United  States,  a 
1  (»ndle  power  white  light  is  visible  at  a  distance 
a  little  more  than  a  mile,  one  of  3  candle  power  is 
visible  at  two  miles:  on  an  exceptionalb^  clear 
night  a  white  Hght  of  3.2  candle  power  was  readily 
distinguished  at  three  miles;  one  of  5.6  candle 
power  at  four  miles,  and  one  of  12.2  candle  power 
at  five  miles;  a  green  or  red  2  candle  power  li^ht 
was  visible  at  one  mile,  16  candle  power  at  two 
miles,  51  candle  power  at  three  miles  and  106 
candle  power  at  four  miles.  See  also  international 
candle. 

Canopy. — 1.  A  metal  cover  set  at  the 
point  where  an  electric  light  fixture  or  pen- 
dent enters  a  waU  or  ceiling,  to  conceal  the 
connections. 

2.  An  overhead  frame  in  a  telephone  ex- 
change, provided  with  plugs  and  drops. 

Canopjr  Switeh. — ^A  switch  placed  under 
the  canopy  or  hood  of  a  trolley  car  for  the 
purpose  of  shutting  off  the  current  from 
the  motor  and  controller  without  pulling 
the  trolley  pole  off  the  wire. 

CaAt  Hook. — 1.  A  lever  for  rolling  and  set- 
ting telegraph  poles,  provided  with  a  heavy 
hinged  hook  near  the  end. 

2.  A  lever  and  suspended  hook  adapted 
for  turning  timbers  in  the  yard,  on  the  skid 
or  onHhe  saw  mill  carriage. 

3.  A  sling  with  hooka  for  raising  and  tilting 
oasks,  to  empty  them. 
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Canvas  Strap. — ^A  piece  of  canvas  used  bv 
electroplaters  and  polishers  to  put  a  finish 
on  those  parts  inaccessible  by  tne  brush  or 
bob:  the  workman  takes  an  end  of  the  strap 
in  either  hand,  the  work  being  held  by  an 
assistant  or  between  his  own  knees. 

Caoatehoae* — (P ronounced  kd-chook) . 
The  French  spelling  of  the  native  South 
American  name  (Cahuchu)  for  the  coagu- 
lated milky  juice  of  various  tropical  trees 
and  plants,  which  forms  the  gummy  sub- 
stance known  as  india  rubber.  Artificial 
caoutchouc  ifl  prepared  from  a  thick  solution  of 

glue,  by  the  addition  of  sodium  tungstate  and 
ydrochloric  acid.  This  forms  a  precipitate  which, 
after  cooling,  can  be  rolled  into  sneets  and  pressed 
into  moulds. 

Capability  of  Dynamo. — ^The  greatest 
efficiency  of  a  dynamo;  it  is  mathematically 
stated  as  the  square  of  the  electromotive 
force  divided  by  the  internal  resistance. 

Capacity. — ^The  quantity  of  electricity 
which  a  condenser  is  able  to  store  or  con- 
dense is  known  as  its  electrostatic  capacity. 
The  unit  of  capacity  is  called  the  farad  and 
its  sjonbol  is  C  A  condenser  is  said  to 
have  a  capacity  of  one  farad  if  one  coulomb 
of  electricity  is  stored  on  each  plate  at  a  pressure 
of  one  volt  between  the  plates.  The  farad  being  a 
laiige  unit,  the  microfarad  (xini^inreth  of  a  farad)  is 
generally  used. 

Capacity  Balance  of  Duplex  System. 

— In  duplex  telegraphv.  a  oalance  of  ca- 
pacity as  distinguished  from  a  balance  of 
resistance. 

Capacity  Cag^e. — In  wireless  telegraphy, 
a  cylindrical  wire  cage  placed  at  the  top  of 
an  serial  to  increase  its  capacity. 

Capacity  Circuit. — A  circuit  having  ca- 
pacity without  inductance. 

Capacity  Current. — 1.  The  current  aris- 
ing from  the  electric  capacity  of  a  cable. 
2.  The  current  required  to  charge  a  tele- 
graphic cable  before  a  message  can  be  sent. 

Capacity  Load. — The  current  strength  of 
a  djTiamo  dependent  upon  the  capacity  of 
its  conductors  as  opposed  to  the  actual  cur- 
rent available  for  practical  use. 

Capacity  of  Accumulator. — ^The  amount 
of  energy  which  a  storage  cell  is  capable  of 
accumulating;  it  is  generally  calculated  in 
ampere  hours  ;  that  is,  the  product  of  the 
number  of  amperes  which  the  cell  can  dis- 
charge into  the  number  of  hours  through 
which  it  can  maintain  that  discharge. 


Capacity  of  Cable. — ^The  charge  which 
must  be  given  to  a  cable  to  raise  it  to  unit 
electrical  potential. 

Capacity'  of  Cable  Tank. — ^The  actual 
inside  dimensions  of  a  cable  tank  in  cubic 
feet;  or  the  amount  of  cable  length  that  it 
can  accommodate.  In  order  to  test  a  cable 
under  its  working  conditions  in  deep  water, 
the  tank  is  closed  and  the  portion  of  the 

cable  within  it  subjected  to  hydraulic  pressure 
approximating  that  to  which  it  will  be  exposed 
wnen  laid  upon  the  ocean  bed. 

CapacitjjT  of  Condenser. — ^The  quantity 
ox  electricity  with  which  it  must  be  charged 
in  order  to  raise  its  electrical  potential  from 
zero  to  unity.  A  condenser  has  a  capac- 
ity of  one  farad  when  one  coulomb  is 
required  to  raise  its  potential  from  zero  to 
one  volt.  The  farad  being  a  very  large  unit,  the 
microfarad  is  generally  used.  Condensers  from 
t\i  to  6  microfarads  are  the  ordinary  sixes. 

Capacity  of  Leyden  Jar. — The  amount 
of  electricity  a  Leyden  jar  is  capable  of 
holding  divided  by  the  difference  of  poten- 
tial in  the  jar. 

Capacity  of  Line. — ^The  power  a  telegraph 
wire  has  of  accumulating  electricity  in  its 
mass. 

Capacity  of  Polarisation. — ^The  quan- 
titv  of  electricity  required  to  polanze  a 
voltaic  cell  while  in  active  use. 

Capacity  of  Secondary  or  Storage 
Cell. — The  amount  of  energy  measured  in 
ampere  hours  which  a  storage  cell  is  capa- 
ble of  accumulating. 

Capacity  Reactance. — The  reactance  of 
an  electric  circuit  due  to  its  capacity;  ca- 
pacitance. 

Capacity'  Roaistance. — ^The  resistance 
offered  by  any  body  possessing  electric  ca- 
pacity to  alternating  electric  currents. 

Capillarity. — ^The  peculiar  action  of  a  liq- 
uid by  which  its  surface  at  the  line  of  con- 
tact with  a  solid  is  raised  or  lowered.  This 
action  is  best  exhibited  by  the  use  of  tubes 
of  very  fine  bore,  called  capillary  tubes. 

Capillary  Attraction. — In  physics,  a 
manifestation  of  the  surface  tension  ob- 
served in  all  liquids.  In  fine  tubes  and 
bores  the  surface  tension  is  sufficient  to 
balance  a  small  column  of  liquid,  maintain- 
ing it  at  a  level  above  the  outside.  This  is 
very  noticeable  in  small  glass  tubes,  sponges,  or 
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any  porous  substance  such  as  loaf  susar.  Where 
a  liquid  like  mercuxy  does  not  wet  toe  tube,  the 
behavior  is  different,  as  the  level  ie  maintained 
below  that  of  the  suifaoe  outside  the  tube:  this  is 
known  as  capiUary  depretsion. 

Capillary  Contact  K«y« — ^A  contact  key 
in  which  a  wire  makes  contact  with  mercury 
to  cloee  the  circuit. 

Capillary  Electrometer. — ^A  form  of 
electrometer  which^  when  a  current  is 
passed  through  it,  mdicates  difference  of 
potential  by  me  fall  of  a  column  of  mercury 
m  a  capillary  tube  which  joins  on  one  side 
a  tube  filled  with  mercury  and  on  the  other 
a  tube  containing  dilute  sulphuric  acid. 

Capillary  Tube. — ^A  glass  tube  with  a  fine 
hair-like  bore,  employed  to  exhibit  the 
phenomenon  of  capillary  attraction. 

Cap  Screw. — ^A  screw  bolt  intended  to  be 
used  without  a  nut,  so  called  because  first 
used  to  secure  the  covers  of  small  steam 
engines  instead  of  studs.  A  cap  screw  is 
intended  to  be  operated  by  a  spanner,  and 
therefore  differs  from  a  macnine  screw, 
which  is  turned  by  a  screw  driver.  It  differs  from 
a  set  screw  in  that  its  point  does  not  come  into  con- 
tact with  any  part  to  hold  it.  The  heads  are 
3uai«  or  hexagon  and  generally  deeper  than  those 
a  bolt  of  similar  diameter. 

Capsisin^  Thermometer. — ^A  registering 
thermometer  used  for  ascertaining  the  tem- 
perature G^  the  sea  depths;  it  is  provided 
with  a  mechanism  by  which  it  is  caused  to 
turn  over  at  any  desired  depth  and  make 
a  recoid  of  temperatiue  at  the  moment  of 
inversion;  a  deep  sea  thermometer. 

Cap  Wire. — An  overhead  wire  supported 
on  the  tip  of  a  pole  instead  of  on  a  cross 
ann. 

Car.— The  cage  of  an  electric  lift  or  elevator. 

Car  Annunciator. — An  electric  annunci- 
ator for  the  purpose  of  calling  an  attendant 
in  a  railway  car. 

Car  Axle. — ^The  shaft  which  passes  through 
the  hubs  of  car  wheels,  and  on  which  the 
latter  are  shnmk  or  pressed.  The  wheels 
of  cars  are  fastened  to  their  axles  in  order 
that  they  may  successfully  withstand  the 
severe  strains  and  jars  to  which  they  are 
exposed  by  the  wdght  and  auiging  of  the  cars  and 
the  inequalities  of  Che  track. 

The  «t'«'i«  constructed  of  one-piece  metal,  and 
with  the  wheels  fixed  firmly  thereon,  is  subject  to 
severe  torsional  strain  in  turning  curves,  when  the 
outer  wheel  has  a  circle  of  a  larger  arc  to  traverse. 
compdKng  the  wheel  on  the  inner  and  shorter  oircle 


to  sHd.  Hie  toiaion  of  the  axle  is  very  detrimental 
and  the  slipping  of  the  wheel  is  equivalent  to  grind- 
ing on  the  rail,  and  retanls  the  train. 

Carbide  Fnmace. — ^An  electric  furnace  in 
which  calcium  and  carbon  are  united  at 
high  temperature  to  form  calcium  carbide. 

Carbide  of  Iron. — A  highly  crystalline 
form  of  cast  iron.  It  is  ejctremel^  hard  an  d 
brittle,  and  contains  nearly  all  its  carbon 
in  the  combined  state.  HenoCy  called  a 
carbide  of  iron. 

Carbon. — 1.  One  of  the  non-metallic  ele« 
ments;  it  exists  almost  pure  in  three  forms, 
of  which  two  are  ciystalline,  viz.:  the 
diamond,  graphite,  and  the  non-crystalline, 
charcoal. 

2.  The  carbon  pencil  employed  in  an  arc 
lamp  as  an  electrode. 

3.  A  prepared  carbon  for  use  in  arc  lamps.  It 
is  composed  of  carbon  dust,  powdered  coke  or  gas 
caibon  mixed  with  molasses,  coal  tar  pitch  or 
other  carbonaceous  cementing  material,  then 
moulded  and  baked. 

Carbon  Arc — A  voltaic  arc  occurring  be- 
tween carbon  points ;  as,  in  an  arc  lamp. 

Carbonate  of  Copper. — A  similar  salt  to 
the  carbonate  of  zmc,  prepared  for  electro- 
platers  by  precipitation,  oy  means  of  ad- 
ding a  solution  of  copper  sulphate  (blue 
vitnol)  to  a  heated  solution  of  sodium  car- 
bonate. 

Carbonate  of  Lime. — The  chief  constitu- 
ent of  incrustation  in  boilers. 

Carbonate  of  Kag^esia. — C arbonate 
held  in  solution  in  some  feed  waters,  and 
on  deposition,  producing  incrustation  in 
boiler  tubes.  It  is  usually  present  in 
smaller  quantity  than  is  the  case  with  the 
carbonate  of  Ume. 

Carbonate  of  Zinc — Normall^r  occurs  in 
nature  as  calamine.  The  precipitated  car- 
bonate is  a  double  carbonate  and  hydrate 
and  is  prepared  hy  mixing  solutions  of  zinc 
sulphate  and  sodium  carbonate,  when  it  is 
thrown  down  as  a  white  precipitate.  Used 
for  several  purposes,  notably  by  electro- 
platers  in  brassing  solvitiona. 

Carbon  Block  Lig^htning^  Arrester. — A 

device  for  protecting  electrical  apparatus 
from  lightnmg,  consisting  of  carbon  blocks 
separated  by  an  insulating  material  which 
compel  the  discharge  to  pass  to  the  ground 
instead  of  through  the  apparatus. 
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Carbon  Brushes* — Commutator  brushes 
made  of  strips  of  prepared  carbon,  some- 
times coated  with  copper  to  increase  con- 
ductivity. 

Carbon  Button. — ^A  button  made  of  carbon 
employed  as  a  resistance  medium,  espe- 
ciaUy  in  certain  types  of  telephone  trans- 
mitters. 

Carbon  Cell. — 1.  A  primary  cell  having  a 
carbon  element. 

2.  A  device  composed  of  a  silvered  glass 
plate  containing  carbon  powder,  used  as  a 
photophone  receiver. 

Carbon  Clutch. — ^A  device  for  gripping  the 
upper  or  positive  carbon  of  an  arc  lamp  so 
that  it  may  be  fed  forward  as  it  wears  away. 

Carbon  Diaphragm* — The  diaphragm  of 
a  variety  of  telephone  transmitter  con- 
sisting of  a  thin  piece  of  compressed  carbon. 

Carbon  Dioxide. — A  colorless  compound 
gas  heavier  than  air,  neither  combustible 
nor  a  supporter  of  combustion.  It  is  evol- 
ved by  the  combustion  of  fuels  containing 
carbon,  one  atom  of  that  element  combin- 
ing witn  two  of  oxygen  from  the  air,  to  form 
th&  gas. 

Carbon  Dise  Transmitter. — ^A  form  of 
telephone  transmitter  in  which  the  dia- 
phragm consists  of  a  thin  sheet  of  carbon. 

Carbon  Disulphide. — A  colorleee  highly 
refracting  liquid  having  an  offensive  odor 
because  of  impurities.    It  is  prepared  by 

Eouring  vapor  of  sulphur  over  strongly 
eated  carbon. 

Carbon  Electrodes. — 1.  The  carbon 
points  of  an  electric  arc  lamp. 

2.  Carbon  employed  as  the  negative 
plate  in  a  voltaic  cell. 

Carbon  Filament. — ^An  incandescent  lamp 
filament  composed  of  a  thread  or  fiber 
which  has  been  reduced  to  carbon  by  the 
carbonizing  process. 

Carbon  Holder. — A  device  for  holding  the 
lower  or  negative  carbon  of  an  arc  lamp. 

Carboning^. — Fitting  carbons  into  arc 
lamps. 

Carbonisable. — Capable  of  being  reduced 
to  carbon. 


Carbonisation. — ^The  process  of  convert- 
ing a  substance  into  a  residue  of  carbon. 

Carbonise. — 1.  To  subject  a  substance  to 
intense  heat  in  a  closed  vessel  thereby  re- 
ducing it  to  carbon. 

2.  To  effect  the  destructive  distillation 
of  organic  matters,  as  of  coal  in  gas  manu- 
facture. 

Carbonised  Cloth  Discs. — ^Discs  cut  out 
of  cloth  and  carbonized  for  the  purpose  of 
offering  a  resistance  varying  with  the  pres- 
sure. 

Carboniser. — ^An  apparatus  for  the  pur- 
pose of  carbonizing  suitable  substances. 

Carbonisinff  Box. — A  box  designed  for 
containing  filaments  for  incandescent  lamps 
while  undergoing  the  process  of  carboniza- 
tion. 

Carbonising^  Frame. — ^A  carbon  block  up- 
on which  are  wound  the  threads  or  fila- 
ments intended  for  incandescent  lamps  be- 
fore they  are  carbonized. 

Carbon  "Megohak, — ^A  resistance  equiva- 
lent to  one  megohm  offered  by  a  thin  strip 
of  carbon. 

Carbon-mercury  Coherer. — ^In  wireless 
telegraphy,  a  form  of  detector  in  which  a 
globule  of  mercury  is  held  in  light  contact 
with  electrodes  of  carbon.  This  tvpe  is 
known  as  the  avJto-coherer  having  the  ad- 
vantage over  the  filing  coherer  in  the  fact 
that  it  automatically  restores  itself  to  a  sensitive 
oondition  without  the  use  of  a  tapper. 

Carbon  Point  Lig^htninff  Arrester. — ^A 

lightning  arrester  provided  with  carbon 
points  between  which  the  lightning  stroke 
IS  discharged. 

Carbon  Points. — ^The  carbon  pencils  or 
rods  which  form  the  essential  elements  in 
an  electric  arc  lamp. 

Carbon  Rheostat. — ^A  rheostat  employ- 
ing carbon  plates  or  grains  to  effect  the 
resistance. 

Carbon  Rod  Microphone. — An  early 
form  of  microphone  in  which  the  loose  con- 
tact of  one  or  more  carbon  rods  against  a 
sounding  board  or  diaphragm  served  to 
intensify  sound.  The  original  type  of  tele- 
phone transmitter  was  constructed  upon 
this  principle. 
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Carbons. — 1.  The  carbon  pencils  of  an  arc 
lamp. 
2.  The  carbon  electrodes  of  voltaic  cells. 

Carbon  Steel. — A  term  applied  to  such 
steels  as  contain  carbon  alone  (together 
with  slight  impurities  such  as  phosphorus, 
silicon,  sulphur,  etc.)»  as  distinguished  from 
the  numerous  aUoy  steelsy  which  may  also 
be  mixed  with  chromium,  manganese, 
molybdenum,  nickel,  tungsten,  and  the  like, 
for  special  purposes. 

Carbon    Telephone    Transmitter* — A 

transmitter  in  which  the  vibrations  of  the 
diaphragm  of  the  mouthpiece  act  with 
variable  pressure  upon  finely  divided  car- 
bon granules  held  between  conducting 
plates.  Early  forms,  now  superseded,  de- 
pended upon  the  change  of  actual  resist- 
ance of  a  button  or  block  of  carbon  under 
varying  pressure. 

Carbon  Ton^a. — A  pair  of  tongs  for  the 
special  purpose  of  grasping  arc  lamp  car- 
bons. 

Carbon  Transmitter. — A  telephone  trans- 
mitter employing  carbon  grains  held  be- 
tween conducting  plates  for  the  purpose  of 
transmitting  the  vibrations  of  the  dia- 
phragm. 

Carbomndum. — An  abrasive  material,  re- 
sembling emery,  but  much  harder.  It  is 
an  artificial  sUtcide  of  carbon  formed  in  the 
intense  heat  of  the  electric  furnace,  the  two 
elements  not  being  combined  in  any  man- 
ner in  nature. 

Car  Brake*  Electric. — ^A  brake  produced 
by  the  action  of  the  motor  of  a  trolley  car 
when  the  current  is  shut  oflf  and  the  motor 
runs  as  a  dynamo. 

Car  Brake  Mechanism. — ^The  mechanism 
which  operates  a  brake. 

Carcass  of  Dynamo. — The  framework 
upon  which  a  dynamo  rests. 

CarceL — ^The  French  unit  of  illumination, 
equal  to  9^  British  candles;  it  is  the  light 
given  by  a  carcel  lamp  burning  42  grams 
of  colza  oil  per  hour  with  a  flame  40  milli- 
meters high. 

CarceU  Bertrand  Guillanme. — ^Died 
1812.  A  French  clockmaker,  inventor  of 
the  standard  lamp  which  bears  his  name 
(1780). 


Carcel  Lamp. — ^The  lamp  burning  colza  oil 
used  in  France  to  establish  the  standard  of 
light;  it  is  named  for  its  inventor,  B.  G. 
Carcel. 

Carcel  Standard. — ^The  carcel  lamp  used 
in  France  as  the  standard  of  Hght. 

Carcel  Standard  Gas  Jet. — ^A  gas  burn- 
er of  special  design  for  the  purpose  of  giving 
a  definite  illumination  measured  in  carcels; 
it  is  used  in  comparing  the  power  of  electric 
lights. 

Cardan  Joint. — ^The  universal  or  Hooke's 
joint  used  in  machinery  to  permit  flexibility 
of  motion  in  a  shaft. 

Cardan  Suspension. — A  method  of  sus- 
pending the  needle  of  a  mariner's  compass 
upon  deUcate  hinges  called  gimbals. 

Cardew  Voltmeter. — A  variety  of  volt- 
meter which  indicates  electric  pressure  by 
the  passage  of  the  current  through  a  slender 
wire  of  platinum  silver  which  thereupon 
expands  and  moves  the  index  needle  upon 
the  scale. 

Carhart  Clark  CelL — ^A  primary  cell 
which  is  a  modified  form  of  the  Clark  stand- 
ard cell.  It  has  the  same  elements  as  the 
Clark,  but  the  solution  of  zinc  sulphate  is 
saturated  at  0°  C.  lU  E.  M.  F.  is  1.440 
volt  and  its  temperature  coefficient  about 
half  that  of  the  Clark  cell. 

Car  Heater*  Electric. — A  heating  appa- 
ratus for  trolley  cars  composed  of  insulated 
coils  for  offering  resistance  to  the  passage 
of  an  electric  current. 

Carnot's  Cycle. — ^The  ideal  or  perfect  en- 
gine cycle,  or  series  of  heat  changes, 
devised  by  the  French  scientist  Camot 
(1824). 

Carnot's  Principle. — In  physics,  this 

Erinciple  is,  that  the  amoimt  of  work  done 
y  a  heat  engine  is  independent  of  the  na- 
ture of  the  intermediary  agent  employed, 
being  dependent  upon  its  temperature 
alone. 

Car  Propulsion,  Electric. — The  use  of 

electricitv  as  a  motive  power  for  street  or 
other  railroad  cars. 

Carriers  of  Replenisher. — ^The  conduct- 
ing plates  of  a  replenisher  which  preserve 
the  charges  for  acciunulation. 
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Carrying^  Capacity. — The  greatest 
amount  of  electrical  current  that  a  conduc- 
tor can  safely  carry;  it  is  expressed  in  am- 
peres. 

Carrying^  Capacity  of  Fuse. — ^The  ex- 
treme strength  of  electric  current  which  a 
fuse  will  bear  before  it  melts. 

CsLrrying  Hooks. — ^A  pair  of  hinged  hooks 
fixed  to  heavy  handles  for  gripping  and 
carrying  telegraph  poles. 

Cartridge  Fuse. — ^A  compact  form  of  safe- 
ty fuse  consisting  of  a  fusible  wire  or  metal 
strip  embedded  in  porous  non-combustible 
material  within  a  tube  resembling  a  car- 
tridge shell;  also  called,  enclosed  fuse. 

Car  Wiring^. — ^The  system  of  conducting 
wires  required  for  the  several  circuits  in  a 
fully  equipped  electric  car. 

Cascade  Cha,rging. — ^The  charging  of 
Leyden  jars  or  condensers  by  arranging 
them  in  series  with  the  inner  coatins  of  one 
connected  with  the  outer  coating  of  uie  next 
throughout  the  series. 

Cascade  Connection. — A  name  some- 
times given  to  the  method  of  coupling  up 
primary  ceUs  in  a  battery  usually  Imown  as 
the  series  connection,  in  which  the  carbon 
of  the  first  cell  is  joined  to  the  zinc  of  the 
second,  the  carbon  of  the  second  to  the  zinc 
of  the  third,  and  so  on  for  the  entire  number  of 
cells,  the  first  lino  and  the  last  carbon  being  con-* 
nected  to  the  outer  circuit. 

Cascade  Converter. — ^A  motor  converter 
employed  to  deliver  constant  potential  di- 
rect current  when  supplied  with  high 
voltage  alternating  ciurent.  It  consists  of 
two  machine  structures  with  revolving 
parts  mounted  upon  the  same  shaft.  The 
input  machine  which  acts  as  a  frequency  con- 
verter resembles  an  induction  motor  with  a  coil 
wound  secondary,  the  output  machine  resembles 
a  synchronous  converter  receiving  energy  from  the 
secondary  winding  of  the  input  induction  motor 
at  a  frequency  much  reduced  from  that  impressed 
upon  the  primary  winding. 

Case  Hardening^. — Hardening  the  surface 
of  iron  or  low  steel  by  tempering  in  a 
cyanide  solution,  so  called  from  the  skin  or 
case  formed  upon  the  surface  of  the  metal. 

Case  Wiring^. — A  method  of  interior  wir- 
ing in  which  the  wires  are  run  along  the 
walls  and  ceilings  under  suitable  cleats. 

Casing's. — Grooved  courses  for  interior  elec- 
tric wiring. 


Casting*  Electric. — ^A  method  of  casting 
metals  by  the  use  of  electric  heat. 

Cast  Iron. — ^A  carbide  of  iron,  containing 
from  3  to  5%  of  carbon,  both  combined  and 
as  graphite,  and  about  2}%  of  silicon. 
This  variety  of  iron,  the  production  of  the 
blast  furnace,  is  valuable  on  account  of  the 
ease  with  which  it  can  be  melted  and  cast 
into  moulds.  It  possesses  great  compressive 
stroigth,  90,000  lbs.  per  square  inch,  but  is  weak 
in  tension,  breaking  at  alx>ut  18.000  lbs.,  and  is 
therefore  used  for  building  members  in  compres- 
sion, and  those  parts  of  an  engine,  such  as  cylinder 
and  bed  plate,  which  are  more  easily  cast  to  form 
than  manufactured  in  other  ways. 

Castor  and  Pollnz  Lig^ht. — A  name  oc- 
casionally given  to  the  peculiar  electric  dis- 
charge sometimes  observed  at  the  tips  of  a 
ship's  masts  and  spars  and  known  as  St. 
Elmo's  fire. 

Cast  Rail  Bond. — ^A  method  of  uniting  the 
rails  of  an  electric  road  at  the  joints,  by 
casting  iron  around  the  lower  part  of  each 
joint. 

Cast  SteeL — Steel,  usually  open  hearth, 
which  is  cast  into  sand  moulds  like  cast 
iron.  The  moulds  require  to  be  carefully 
made,  and  patterns  should  have  more  (/rati? 
than  for  iron;  furthermore,  the  castings 
should  be  removed  from  the  sand  as  soon  as 
possible  and  carefully  annealed  to  prevent  cracking 
or  damage  from  internal  stresses;  the  resultant 
casting  is  much  stronger  than  cast  iron.  The  same 
as  crucible  tteeL 

Catal^is. — In  chemistry,  a  process  by 
which  reaction  occurs  in  the  presence  of 
certain  agents  which  were  formerly  be- 
lieved to  exert  an  influence  by  mere  con- 
tact. It  is  now  believed  that  such  reactions 
are  attended  with  the  formation  of  an  inter- 
mediate compound  or  compounds,  so  that  by  alter- 
nate composition  and  decomposition  the  agent  is 
apparently  left  unchanged,  as,  the  catalysis  of 
making  ether  from  alcohol  by  means  of  sulphurio 
acid.    Also  called,  caiaiytic  adion. 

Cataphoresis. — ^The  action  of  electric  os- 
mose sometimes  used  as  a  method  of  intro- 
ducing drugs  into  the  human  body. 

Cataphoretic  Action* — ^The  medical  ap- 
plication of  the  principle  of  cataphoresis. 

Cataphoretic  Demedication. — ^A  pro- 
cess of  removing  injurious  matter  from  the 
himian  body  by  cataphoresis. 

Cataphoretic  Electrode. — ^An  electrode 
for  the  piu'iK)6e  of  infusing  into  the  human 

*  body  medicine  in  solution  oy  the  process  of 
cataphoresis. 
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Cataphoretie  Medication* — ^A  process 
of  introducing  medicine  into  the  human 
body  by  cataphoresis. 

Catcliinent  Area. — In  hydraulics,  the  ex- 
tent of  country  drained  by  the  springs  and 
water  courses  which  supply  a  waterworks. 

Catenary  Constmction. — ^A  systCTi  of 
overhead  trolley  construction  employing  a 
slack  messenger  wire  with  hangers  at  fre- 
quent intervals  so  as  to  maintain  the  trolley 
wire  practically  free  from  sag. 

Cathion. — ^The  element  which  appears  at 
the  cathode,  or  negative  electroae  in  an 
electrolytic  cell;  the  cation. 

CathodaL — ^Relating  to  the  cathode. 

Cathode. — 1.  The  negative  electrode  in  an 
electrolytic  cell,  the  one  which  receives  the 
current  from  the  solution,  and  by  which 
the  current  leaves  the  cell. 

2.  In  electroplatingi  the  object  to  be 
electroplated. 

3.  Tne  negative  electrode  of  a  vacuum 
tube. 

Cathode  Cup. — ^The  hollow,  or  concave 
cathode  of  an  X-ray  tube. 

Cathode  Pictures. — Pictures  taken  by 
the  Roentgen  or  X-ray;  radiographa, 

Cath€>de  Rajrs. — ^A  peculiar  radiation  sent 
out  from  the  cathode  of  a  light  vacuum 
tube  when  an  electric  current  is  passed 
through  it,  producing  a  golden  green  phos- 
phorescence upon  the  glass  walls  of  the  tube 

opposite  the  cathode.  This  radiation  is 
thought  to  be  oomixMed  of  ne^tively  electrified 
material  particles  projected  with  great  veloci^ 
from  the  surface  of  the  cathode.  Also  called, 
cathode  streams. 

Cathode  Rajr  Speetrom. — A  spectrum 
consisting  of  parallel  bands  of  phosphor- 
escence separated  by  comparatively  dark 
spaces,  produced  when  cathode  rajrs  from 
an  induction  coil  are  influenced  by  a  mag- 
netic field. 

Cathodic  Reactions. — ^The  reactions 
which  take  place  at  the  cathode  of  an  elec- 
tro-therapeutic apparatus  when  it  is  in  con- 
tact with  the  human  body. 

CathodoifnuBy  or  CathodMraph. — ^A 

name  sometimes  given  to  an  A  ray  photo- 
graph or  radiograph. 

Cation. — The  element  or  ion  which  appears 
at  the  cathode,  or  negative  electrode,  m  an 


electrolytic  cell;  the  electro-positive  com- 
ponent; the  cathion. 

Catoptrics. — ^The  branch  of  the  science  of 
optics  which  explains  the  reflection  of  light. 

Caustic  Soda. — Sodium  hydrate.  An  al- 
kali prepared  by  the  reaction  between 
sodium  carbonate  and  slaked  lime.  Caus- 
tic soda  is  used  in  the  purification  of  petro- 
leum and  sodium  compounds.  It  is  also 
employed  as  the  electrolyte  in  the  Edison 
primary  cell. 

Cauterisation*  Electric. — Cauterizing  by 
the  application  of  a  wire  heated  by  electric- 
ity. 

Cautery  Battery. — A  multiple  connected 
voltaic  battery  for  the  purpose  of  gener- 
ating electric  heat  for  the  operation  of 
cauterising. 

Cautery  Cabinet. — A  cabinet  provided 
with  all  the  appliances  requisite  for  per- 
forming electric  cauterization. 

Cautery'  Cell. — A  voltaic  cell  forming  a 
part  of  a  cautery  battery. 

Cautery*  Electric. — In  electro-therapeu- 
tics, the  operation  of  cauterizing  by  means 
of  wires  or  bands  of  platinum  heated  to  an 
incandescent  glow  by  the  passage  of  an 
electric  current. 

Cautei^  Knife  Electrode. — An  electrode 
shaped  like  a  knife  blade  for  purposes  of 
electric  cauterization. 

Casin  Lamp. — An  early  form  of  metallic 
filament  lamp  having  a  filament  of  secret 
composition.  The  lamp  was  never  pro- 
duced to  a  great  extent.  It  gives  a  brilliant 
white  Ught. 

C.  C. — ^Abbreviation  for  cubic  centimeter, 
the  unit  of  volume  in  the  C.  G.  S.  system  of 
measurement. 

Ceiling  Block. — In  incandescent  electric 
lighting,  an  attachment  of  insulating  ma- 
terial fastened  to  a  ceiling  containing  the 
feed  wire  connection  from  which  a  pendant 
cord  hangs;  a  ceiling  rosette. 

Ceiling  Board. — An  appliance  for  hanging 
an  arc  lamp. 

Ceiling^  Bracket. — ^A  bracket  designed  to 
carry  insulated  electric  wires  upon  a  ceiling. 
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Ceilini^  Cut  Out. — ^A  safety  fuse  fitted 
within  a  ceiling  block;  a  rosette  cut  out. 

Ceiling:  FaA« — ^An  electric  fan,  hung  from 
the  ceiling. 

Ceilin^r  Rose*  or  Rosette. — ^An  orna- 
mental ceiling  block  for  suspending  an  in- 
candescent lamp. 

Cell. — ^A  single  element  of  an  electric  bat- 
tery, either  primary  or  secondary,  usually 
the  former.  It  generally  consists  of  a  jar 
filled  with  a  liquid  or  a  pasty  electrolyte,  in 
which  the  electrodes  are  inserted  or  with 
which  they  are  connected. 

Cell  Insnlator. — ^In  storage  battery  work, 
glass  or  porcelain  insulators,  sometimes  con- 
taining oil,  upon  which  each  cell  rests  to 
prevent  leakage  along  the  floor. 

Cell  Switch. — The  end  cell  switch  of  a 
storage  battery. 

Celluloid. — ^A  hard,  flexible  substance 
formed  from  a  mixture  of  camphor  and 
pyroxylin,  which  is  the  same  as  gun  cotton. 
The  camphor  is  dissolved  in  alcohol,  the 
gun  cotton  added,  and  the  mass  incorpo- 
rated between  rollers;  it  is  then  warm- 
pressed  into  the  desired  fonn.  The  coloring  is 
usually  added  during  the  incorporation.  It  is 
highly  inflammable,  but  non-explosive. 

Celluloid  Filament. — ^An  incandescent 
lamp  filament  composed  of  a  celluloid 
thread  reduced  to  carbon. 

Cellulose. — An  organized  structure  of  im- 
known  chemical  constitution,  whose  com- 
position is  allied  to  that  of  starch.  It  is 
msoluble  in  hot  or  cold  water  and  all 
ordinary  solvents. 

Cellulose  Filament. — ^An  incandescent 
lamp  filament  prepared  from  wool  which 
has  been  digested  into  cellulose  form  and 
then  "squirted''  through  a  die  plate  into 
alcohol  by  which  it  is  set  into  a  tough  fiber 
and  afterwards  carbonized. 

Celluvert  Fiber. — A  preparation  used  for 
insulating  purposes. 

Celsius  Thermometer. — ^The  Centigrade 
thermometer,  so  called  from  its  inventor 
AndrS  Celsius,  a  Swedish  astronomer. 

Cement. — 1.  Any  substance  which  causes 
bodies  to  adhere  to  one  another,  such  as 
mortar,  plaster  of  pans,  glue,  etc.  Used 
without   qualification,   the   term   denotes 


Portland  cement,  also  stucco,  natural  and 
Roman  cements,  etc. 

2.  Marine  glue  and  other  adhesive  compounds 
having  insulating  properties  suitable  for  electric 
work;  electric  cement. 

Cement  Arish  Conduit. — ^A  form  of  con- 
duit for  underground  wires  consisting  of 
arched  ducts  composed  of  equal  parts  of 
Portland  cement  and  sand  moulded  around 
wire  gauze. 

Cementation. — ^The  oldest  method  of  steel 
manufacture.  Bars  of  wrought  iron,  of 
best  quality,  are  buried  in  powdered  char- 
coal within  fireclay  boxes,  the  whole  being 
sealed  or  cemented  with  fireclay.  These 
cementation  boxes  are  placed  within  a  fur- 
nace and  brought  to  a  bright  red  heat,  the  length  of 
the  heat  depending  upon  the  amount  of  carbon 
desired  in  the  product;  the  process  may  continue 
for  a  fortnight  with  highly  carbonised  steels. 
From  their  bein^  covered  with  blisters,  the  steel 
bare  produced  are  known  as  blister  steel;  they  are 
broken  up,  piled,  heated  in  a  reverberatory  fur- 
nace, and  subjected  to  rapid  blows,  which  gives 
them  a  fibrous  quaUty,  forming  shear  steel;  a  rep^e- 
tition  of  the  piling  process  produces  double  anear 
ated,  also  called,  crucible  steel. 

Cement  Copper. — Copper  extracted  from 
the  water  which  is  pumped  out  of  copper 
mines.  The  water  is  pumped  into  tanks 
containing  scrap  iron,  forming  sulphate  of 
iron  and  copper  deposit.  It  is  therefore 
almost  in  a  state  of  cnemical  purity. 

Cement  Uned  Conduit. — ^A  conduit  hav- 
ing its  inner  surfaces,  or  ducts,  coated  with 
a  layer  of  cement. 

C«  E.  M.  F. — ^Initial  letters  used  as  an  ab- 
breviation for  counter  electromotive  force. 


Center  Line. — 1.  A  dotted  or  broken  line 
shown  in  a  drawing  of  machinery,  denotmg 
the  center  of  an  object;  the  lines  of  a  force, 
or  the  limits  of  motion  of  the  center  of  a 
vibrating  part.  On  finished  drawings,  cen- 
ter lines  are  sometimes  shown  in  red  ink,  to 
distinguish  them  from  dimension  lines  which  are 
usual^  blue. 

2.  A  line  marked  centrally  upon  a  piece  of  work 
on  the  markino  off  table  from  which  dmiensions  are 
set  forth. 

Center  of  Distribution. — ^In  an  incandes- 
cent lighting  system,  a  central  point  from 
which  branch  currents  radiate  to  all  parts 
of  the  system. 

Center  of  Gravity. — ^That  point  in  a  body 
about  which  all  the  parts  exactly  balance 
one  another,  so  that  the  body  will  remain 
at  rest  when  supported,  though  acted  upon 
by  gravity.*  also  called  center  of  mass. 
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Center  of  Gyration. — In  mechanics,  that 
point  in  a  bod)r  rotating  around  an  axis, 
at  which,  if  a  given  force  were  applied,  it 
would  produce  the  same  angular  velocity 
in  a  given  time  as  it  would  if  the  whole  mass 
of  the  body  were  collected  at  that  point. 

Center  of  Oscillation. — ^A  point  in  a 
swinging  body,  as  a  pendulum,  such  that, 
if  the  whole  mass  of  the  body  were  concen- 
trated there,  the  time  of  the  oscillations 
would  continue  unchanged. 

Center  of  Percnssion. — ^That  point,  in  a 
body  revolving  about  an  axis,  at  which  it 
might  be  struck  without  causing  any  pres- 
sure on  the  axis;  or  that  point  at  which  if  a 
blow  be  struck  by  the  body  the  action  is 
the  same  as  if  the  whole  mass  of  the  body 
were  concentrated  at  that  point. 

Center  Pole  Trolley  System. — ^A  system 
of  line  construction  for  double  track  street 
railways  in  which  the  trolley  wires  for  both 
tracks  are  supported  from  the  arms  of  a 
single  row  of  poles  set  in  the  middle  of  the 
street. 

Center  Railway  Line. — ^A  street  railway 
Une  having  center  pole  construction. 

CentL — ^A  prefix  often  used  with  a  physical 
unit  to  designate  the  one  hundreath  part 
of  that  unit. 

Centi-ampere. — ^A  unit  of  electric  current 
equal  to  the  one  hundredth  part  of  an  am- 
pere. 

Centi-ampere  Balance. — ^An  ammeter 
balance  designed  to  measure  the  strength 
of  electric  currents  in  centi-amperes. 

Centigprade  Thermometer. — ^The  Celsius 
thermometer,  used  in  France  and  Germany, 
and  in  scientific  work  everywhere.  In  its 
scale  (f  is  the  temperature  of  melting  ice, 
100^  that  of  boiling  water  imder  the  pres- 
sure of  one  atmosphere;  hence  the  name 
CenUgrade.  Centigraae  temperatures  are  coq- 
▼erted  into  those  of  Fahrenheit's  scale  by  multi- 

g lying  the  former  by  nine,  dividing  the  product  by 
ve,  and  adding  32  to  the  quotient. 

Centigram. — ^A  measure  of  weight  in  the 
metric  system;  the  one  hundredth  part  of 
a  gram. 

Centiliter. — ^A  liquid  measure  in  the  metric 
system;  the  one  nundredth  part  of  a  liter. 

Centimeter. — A  measure  of  lenath  in  the 
metric  system,  equal  to  the  one  nundredth 


part  of  the  length  of  a  standard  metal  bar 
kept  in  Paris,  called  the  meter;  it  is  equal  to 
.3937  inch. 

Centimeter  Gram  Second  System. — A 

system  of  physical  imits  in  which  the  centi- 
meter is  adopted  as  the  unit  of  length,  the 
gram  of  mass,  and  the  second  of  time,  the 
universal  scale  for  physical,  electric  and 
magnetic  constants.  It  is  usually  abbre- 
viated to  C.  G.  S.  system. 

Centimeter  Gram  Second  Units. — ^The 
units  of  measurement  of  the  C.  G.  S.  system. 

Centipede  Cable  GrapneL — ^A  form  of 
cable  grapnel  having  numerous  prongs  or 
grappling  hooks. 

CentraL — ^The  familiar  name  for  a  central 
telephone  exchange. 

Centrally  Grounded  Wire. — ^A  wire  run- 
ning along  the  roadbed  in  a  trolley  system, 
connected  to  the  rail  bonds  and  grounded 
at  fixed  intervals. 

Central  Station. — 1.  In  an  electric  dis- 
tribution system,  the  power  plant  for  gener- 
ating current. 

2.  In  telephony,  the  exchange  through 
which  subscribers  are  interconnected. 

Central  Station  Burg^lar  Alarm. — A 

burglar  alarm  system  in  which  circuits  lead 
from  the  protected  points  to  some  central 
location  where  the  alarm  is  given. 

Central  Station  Lig^htin^. — ^An  electric 
lighting  system  for  buildmgs  conducted 
from  a  central  station. 

Central  Station  Multiple  Switch- 
board.— A  central  telephone  exchange 
switchboard  divided  into  sections;  each 
section  provided  with  springjacks  or  ter- 
minals for  every  subscriber  entering  the 
exchange. 

Central  Telephone  Exchangee. — 1.  The 

main  exchange  connected  with  branch  ex- 
changes. 

2.  The  central  station  connected  with 
individual  subscribers. 

Centrifuml  Force.— The  force  which  acts 
upon  a  bodv  revolving  in  a  circular  path, 
tending  to  force  it  farther  from  the  center 
of  that  circle.  If  the  centrifugal  force  is 
just  sufficient  to  balance  the  attraction  of 
the  mass  around  which  it  revolves,  the  mov- 
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ing  body  will  eontmne  in  a  unifonn  eonred  patii. 
Should  the  centrifugal  foroe  inereaee.  the  Dody 
will  either  take  up  a  laiier  path  at  a  rurther  die- 
tanoe  from  the  center,  or  else  tend  to  fly  off  in  a 
straight  line. 

Centrlftiifal  Governor. — ^A  steam  engine 
governor,  in  which  the  centrifugal  force 
acts  upon  two  or  more  revolving  balls  or 
weights.  It  is  attached  either  to  a  throttle 
valve  or  the  valve  gearing  and  governs  (a) 
by  shutting  off  the  steam  supply  as  the 
velocity  (tf  the  balls  inoieaees,  also  inereaBing  the 
supply  of  steam  as  the  velocity  decreases,  or  (6) 
by  changing  the  cut-off. 

Centrilbf^al  Pump. — ^A  pump  in  which 
the  movmg  part  is  a  revolvmg  wheel  or  fan 
with  curved  vanes  or  spokes.  The  liquid 
is  admitted  at  the  center  of  the  fan,  and 
being  carried  round  by  centrifugal  force, 
escapes  from  the  tip  of  the  blades;  often 
used  for  pumping  the  circulating  water 
through  a  condenser. 

Centrifti^e. — ^A  centrifugal  machine  for 
separating  substances  of  different  densities. 

Centrlfti^e*  Electric. — ^A  centrifuge  pro- 
pelled by  an  electric  current. 

Centripetal  Force. — ^A  force  which  b  sup- 
posed to  impel  a  body  towards  some  point 
as  a  center,  and  to  act  as  a  counterpoise  to 
the  centrifugal  tendency  in  circular  motion. 
The  existence  of  such  a  force  is  disputed. 

Cerium. — ^A  rare  metal,  having  a  specific 
gravity  of  5.5,  having  an  appearance  be- 
tween iron  and  lead.  It  is  found  in  the  rare 
mineral  eerUe,  The  crude  sulphate  of  ceri- 
um obtained  from  cerite  is  utilized  in  dye- 
ing; the  dioxide  forms  1%  of  the  mantle 
used  in  incandescent  gas  lamps. 

Certificate. — ^A  written  and  formal  testi- 
mony to  a  fact.  With  engineers,  it  is  a  di- 
ploma showing  that  they  have  successfully 
passed  an  examination  and  are  therefore 
legally  qualified  to  hold  a  certain  position. 
A  lieerue^  on  the  oontraiy,  is  an  official  permit  to 
hold  a  definite  position,  and  is  issued  subsequent 
to  satisfaction  of  the  supervising  authorities. 

Cerassite. — Carbonate  of  lead  ;  a  valuable 
ore  of  lead  when  it  exists  in  quantities;  it  is 
found  either  in  crystals  or  massive;  the  lus- 
tre of  the  crystals  is  very  brilliant. 

Cessation  of  Cnrrent. — ^The  breaking  or 
ceasing  of  an  electric  current. 

C.  6.  S.  System  of  Measurement. — ^An 

abbreviation  of  cenHmeler  gram  second,  the 


standard  sjrstem  adopted  in  chemical  and 
electrical  work.  The  centimeter  is  taken  as 
the  unit  of  distance  or  space,  the  aram  is 
the  unit  of  mass,  and  the  second  is  the  unit 
of  time,  the  unit  of  velocity  being  1  ceniv- 
meter  in  one  second, 

C.  O.  S.  Units. — ^Abbreviation  for  centme- 
ter  gram  second  units. 

Chafe* — ^A  worn  spot  on  the  outer  coating 
of  a  submarine,  or  other  cable  resulting 
from  chafing  against  some  harsh  surface. 

Chain. — ^A  series  of  links  or  rings,  usuallv  of 
metal,  connected  or  fitted  into  one  another; 
used  for  various  purposes,  as  for  support, 
connection,  or  tne  exertion  and  trauA- 
mission  of  mechanical  power. 

Chain  Block. — A  pulley  block,  in  which 
the  rope  fall  is  replaced  oy  a  chain;  the  or- 
dinary Weston  block  is  generally  tmder- 
stood. 

Chain  Cable  ChnmneL — ^A  form  of  grap- 
nel composed  of  cnain  links  provided  with 
grapplinjs  hooks. 

Chain  Drive. — ^A  method  of  transmitting 
power  to  the  driving  axle  of  an  automobile 
oy  means  of  a  chain  instead  of  a  shaft  and 
bevd  gearing. 

Chain  Xiewis. — ^A  device  for  slinging 
stones,  large  masses  of  concrete,  etc.;  two 
curved  pieces  of  steel  are  introduced  into  a 
lewis  or  dovetailed  hole  in  the  block,  like  )(. 
The  strain  on  the  chain  through  their  upper 
extremities  forces  their  points  outwards 
and  grips  the  sUme  to  be  lifted. 

Chain  Lif^htnincf. — ^A  flash  of  lightning 
which  appears  in  a  long  sig-zag  or  broken 
line. 

Chain  Oiling. — ^A  self-oiling  device  applied 
to  bearings  in  pillow  blocks,  hangers,  etc., 
in  which  a  small  endless  chain  hangs  over 
the  shaft  and  dips  down  into  an  ou  cellar 
beneath  the  bearing,  thus  bringing  up  a 
little  oil  as  it  revolves. 

Chain  Pnll. — A  short  chain  attached  to 
the  spark  of  an  electric  gas  lighting  attach- 
ment, or  to  the  switch  of  an  incandescent 
lamp,  which  turns  the  light  on  or  off  when 
puUed. 

Chain  WheeL — ^A  suitably  formed  sprocket- 
wheel  as  used  in  connection  with  the  trans- 
mission chains  of  cycles,  motor  cars,  etc. 
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Chain^  Winding^. — ^A  method  of  armature 
winding  for  alternating  currents  employing 
separate  coils,  the  coils  belonging  to  the 
same  phase  being  connected  in  series;  also 
called  oasket  winding. 

ChiUk. — A  nearly  pure  carbonate  of  lime, 
soft  and  earthy  m  texture.  It  is  of  marine 
origin,  composed  of  the  shells  and  remains 
of  minute  organisms  deposited  in  deep 
water;  used  for  polishing  purposes. 

Chamber  of  Incandescent  Xiamp, — ^The 
glass  vacuum  bulb  containing  the  carbon 
filament. 

Ckaaioifl  Skin. — A  soft  fine  leather  pre- 
pared from  various  skins,  by  splitting  and 
dressing  them  with  fish  oils.  It  is  used  for 
polishing  purposes,  and  for  wrapping  pol- 
ished metals.  This  material,  also  known  as 
washteatker,  derives  its  name  from  the 
chamoiSf  a  goat-like  antelope  of  the  Alps, 
irom.  whose  skin  it  was  formerly  prepared. 

Chandelier. — ^A  frame  with  branches  to 
hold  candle  sockets;  also  an  ornamental 
arrangement  of  pipes  and  fixtures  to  hold 
devices  for  lighting. 

Chance  Over  Switch. — ^A  central  station 
switch  by  means  of  which  a  circuit  is 
changed  from  one  dynamo  to  another;  also 
called  changing  switch. 

Chan^^  Ratio  of  Transformer. — ^The 
proportion  of  change  effected  in  a  trans- 
former. 

Change  Speed  Gear. — ^Tn  an  automobile, 
a  number  of  pairs  of  co^  or  friction  wheels, 
to  produce  different  ratios  of  driving  wheel 
speeds  to  engine  speeds. 

Change  Speed  iM^ev* — In  an  automobile, 
a  hand  lever  by  which  are  thrown  into  gear, 
either  of  the  three  or  four  trains  of  speed 
gears  for  forward  running  or  the  double 
train  for  reversing  the  motion. 

Chanj^nnf  Switch. — A  switch  in  a  central 
station  for  changing  a  circuit  from  one 
dynamo  to  another,  also  called  change  over 
switch. 

Channel  Iron. — ^A  form  of  angle  iron  hav- 
ing a  web  with  two  flanges  extending  only 
on  one  side  of  the  web. 

Characteristic  Carre. — ^A  diagram  show- 
ing graphically  in  the  form  of  a  curved  line 
the  relation  of  changing  values. 


Characteristic  Curve  of  Dyi&amo. — ^A 

curved  line  representing  the  varying  pres- 
sures at  the  terminals  of  a  dynamo  for 
different  loads.  The  curve  is  plotted  on 
co-ordinate  naper  having  the  voltage  val- 
ues indicatea  by  ordinatee  and  the  amper- 
age values  by  aoacieeas. 

Characteristics  of  Sound. — ^The  peculi- 
arities of  different  soimds  which  mark  the 
distinction  of  one  from  another. 

Charcoal  Iron. — Wrought  iron  made  solely 
with  charcoal  as  fuel.  This  gives  the  best 
and  purest  iron,  of  great  value  in  electrical 
work  for  transformer  cores,  armature  discs, 
etc 

CharM. — 1.  In  electrostatics,  the  amount 
of  electricity  present  upon  any  substance 
which  has  accumulated  electric  energy. 
A  static  charge  is  measured  in  coulombs. 

2.  In  storage  battery  work,  the  amount 
of  current  absorbed  by  the  battery  before 
it  arrivw  at  the  oondition  of  eomplete  charse  when 
it  is  leady  for  um.  A  storace  battery  chaise  is 
measured  in  ampere-houis. 

3.  In  smelting,  the  body  of  ore,  metal,  fuel,  or 
other  matter  introduced  into  a  furnace  at  one  time, 
for  one  heat,  or  one  run  as  the  case  may  be. 

4.  (a)  The  chMge  of  a  puddUno  furnace  is  about 
600  pounds  of  pig  iron,  and  this  forms  4  blooms; 
(b)  toe  ohaige  of  a  ffcu  reUni  is  220  pounds  intro- 
auoed  in  two  sooopfuls  of  110  pounds  each;  (c)  the 
charge  of  a  tumbUno  box  is  as  many  cawtiniw  or 
other  fcnatters  as  it  will  conveniently  contain  and 
give  room  for  mutual  attoition. 

CharM  Current. — ^A  current  produced  in 
a  telegraph  wire  by  the  entrance  of  elec-- 
tricitv  into  the  line  when  the  circuit  is 
doseo. 

Char^^ed  Body. — ^Any  substance  possessing 
a  static  charge  of  electricity. 

Chariped  CelL — ^A  cell  in  a  storage  battery 
containing  an  accumulation  of  electricity 
ready  for  use.  A  battery  is  completely 
charged  when  the  voltage  reaches  a  maxi- 
mum  value  of  2.4  to  2.7  per  cell,  and  the 
specific  gravity  of  the  electrolyte  a  maxi- 
mum vahie  of  1.2  to  1.4  j>eT  cell.  The  gas  given 
off  at  the  plates  at  this  point  increases  in  amount, 
and  the  electrolyte  becomes  milky  or  "boils. 
The  positive  plates  of  a  charged  batteiy  are  dark 
brown  in  color,  and  the  negative  plate  li|^t  gray. 

Chareing^. — Expending  electrical  energy  in 
producing  chemical  change  in  the  elements 
of  a  secondary  battery  so  that  electrical 
energy  may  be  redeveloped  by  a  secondarv 
chemical  change  in  the  battery,  by  which 
the  battery  becomes  a  source  of  electricity. 
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Clufcrg^ii^  Current. — ^The  electric  current 
by  means  of  which  a  storage  battery  re- 
ceives its  charge. 

Charg^ng^  Station. — ^A  depdt  where  ac- 
cumulators of  electric  vehicles,  launches, 
etc.,  are  charged  with  electricity. 

Charles's  Law. — In  ph3rsic3,  the  law  that 
the  volume  of  all  gases  varies  as  their  abso- 
lute temperature,  under  constant  pressure. 
Also  known  as  Gay^Luasac^s  Law. 

Chattering^  of  Bmsh. — ^The  rattling  of  a 
brush  upon  the  surface  of  the  commutator 
due  to  loose  setting  in  the  brush  holder. 

Chatterton's  Compound. — ^An  insulating 
preparation  for  efectric  conductors.  It 
consists  of  1  part,  by  weight,  Stockholm 
tar,  1  part  resm,  3  parts  gutta  percha. 

Cheeking^  Action. — A  dampening  effect  to 
reduce  motion,  as  when  the  needle  of  an 
indicating  instrument  is  caused  to  come 
quickly  to  rest  by  a  damping  device. 

Cheeking^  Instrument. — ^An  instrument 
employed  in  cable  telegraphy  for  pre- 
serving records  of  messages  as  despatcned 
by  making  impressions  upon  a  recorder 
strip. 

Cheek  Nut. — A  nut  placed  in  contact  with 
the  main  nut  on  the  same  bolt  to  keep  the 
main  nut  from  turning.  More  generally 
termed  lock  nut. 

Check  Valve. — An  automatic  or  non-return 
valve  used  to  control  the  admission  of  feed 
water  into  a  boiler,  etc.  The  pressure  with- 
in the  boiler  keeps  the  valve  upon  its  seat 
unless  overcome  by  superior  pressure  caused 
by  the  pump  or  injector,  tnus  permitting 
feed  water  to  enter  while  preventing  escape  of  the 
contents.  Check  valves  on  marine  and  other  boil- 
ers sometimes  have  adjustable  lifts,  controlled  by 
a  wheel  and  spindle,  but  with  the  locomotive  are 
generally  non-adjustable,  as  only  one  boiler  has 
to  be  considered. 

Chemical  Action. — ^The  action  taking 
place  when  a  single  substance  or  a  number 
of  substances  re-act  so  as  to  produce  a  new 
substance  or  substances  as  distinguished 
from  a  mechanical  mixture.  The  nature  of 
the  action  may  be  dependent  upon  various 
conditions,  as  temperature.  pre<)sure,  ma^s,  light. 
An  important  phenomenon  is  that  neat  is  either 
produced  or  absorbed  by  every  chemical  reaction. 
At  very  low^  temperatures,  as  about  -300^  Fahr. 
chemical  action  seems  to  cease. 


Chemical  AAnity. — ^The  force  which  is  ex- 
erted between  molecules  not  of  the  same 
kind.  To  affinity  is  due  all  the  phenomena 
of  combustion,  and  of  chemical  combina- 
tion and  decomposition.  Also  called, 
chemical  attraction, 

Chendcal  Change* — ^A  change  which  de- 
strojrs  the  identity  of  the  bodies  undergoing 
it,  as  distinguished  from  physical  change. 

Cheniical  Compound. — ^A  imion  of  two  or 
more  ingredients,  in  definite  proportions  by 
weight,  so  combined  as  to  form  a  distinct 
substance;  as,  water  is  a  compound  of  oxy- 
gen and  hydrogen. 

Chemical  Effect. — An  effect  resulting 
from  the  operation  of  chemical  change. 

Chemical  Equivalent. — ^The  atomic 
weight  of  a  substance  divided  by  its  valency. 

Chemical  FormulsB. — Groups  of  chemical 
symbols,  each  of  which  indicates  the  com- 
position of  one  molecule,  employed  to  show 
the  character  of  a  chemical  compound. 

Chemical  Generator. — A  name  given  to 
a  primary  battery,  as  distinguished  from  a 
dynamo  or  mechanical  generator. 

Chemically  Pure. — Without  the  admix- 
ture of  any  foreign  substance  whatever, 
such  as  could  be  detected  by  chemical  tests. 
Chemically  dean  means  cleaned  by  chemical 
means  so  that  no  dust  or  trace  of  any  for- 
eign substance  remains  on  a  surface. 

Chemical  Phosphorescence. — A  phos- 
phorescent glow  consisting  essentially  of 
slow  oxidation  accompanied  by  the  evolu- 
tion of  light;  it  is  characteristic  of  the  light 
of  the  firefly. 

Chemical  Photometer. — ^A  photometer 
which  measures  the  intensity  of  a  source  of 
light  by  the  amount  of  chemical  decom- 
position which  the  light  can  produce. 

Chemical  Potential  Energy. — Potential 
energy  existing  in  original  atoms  of  matter. 

Chemical  Recorder. — The  instrument  at 
the  receiving  end  of  the  line  which  records 
the  message  in  a  chemical  automatic  tele- 
graph system.  It  consists  essentially  of  a 
strip  of  chemically  prepared  paper  moving 
over  a  cylinder,  and  a  steel  needle  which 
decomposes  the  chemical  solution  with  which  the 
paper  is  impregnated.    The  ohemically  treated 
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tape  upon  the  amooth  metal  cylinder  serves  as  one 
electrode  and  l^e  steel  needle  acts  as  the  other  in 
causing  electrolysis. 

CHeiiiical  Recording  Meter. — An  elec- 
tric meter  depending  upon  the  action  of 
electrolysis  for  registering  the  amount  of 
electricity  used. 

Chemic»l  Separation. — ^The  disintegra- 
tion or  decomposition  of  matter  as  the  re- 
sult of  chemical  action. 

Chemical  Telefi^aphy* — ^A  system  of 
"automatic"  telegraphy  in  which  the  mes- 
sages are  recorded  by  electro-chemical 
action  effected  by  a  metal  pen  in  contact 
with  a  strip  of  paper  treatea  with  a  chem- 
ical solution. 

Chemical  Telephone. — ^A  telephone  in 
which  electrolytic  action  forms  an  essential 
feature  of  its  working  efficiency. 

Chemical  Velocity. — ^The  time  spent  in 
effecting  a  chemical  change  considered  in 
proportion  to  the  amoimt  of  matter  under- 
going the  change. 


-A   general  term  for  chemical 


action,  force,  or  effects. 

Chemistry. — ^The  science  which  deals  with 
the  changes  in  composition  and  constitu- 
tion which  substances  undergo. 

Cherry. — ^The  wood  of  the  cherry  tree.  In 
Europe  and  Asia,  it  is  that  of  the  cultivated 
tree;  in  North  America,  that  of  the  wild 
black  cherry.  The  latter  variety  has  a  fine, 
straight  grain;  it  is  hard,  strong  and  easily 
worked,  being  employed  in  cabinet  work 
and  interior  finish. 

Chief  Operator. — ^The  head  operator  in  a 
telegraph  ofi&ce  or  telephone  exchange. 

Chill. — 1.  The  casting  of  iron  and  steel  in  a 
metallic  mould,  which  is  kept  cool  by  the 
circulation  of  water  within  it.  Only  cer- 
tain varieties  possess  the  property  of  chil- 
ling, but  when  successfully  carried  out  it 
results  in  a  very  hard  skin  on  the  casting, 
the  depth  of  which  is  sometimes  as  great  as  {'  to 
1'.  Cast-iron  wheels  for  cars  are  usually  made  by 
this  method. 

2.  Reduction  of  temperature  stopping  short  of 
actually  freezing. 

Chimes^  Electric. — Chimes  of  bells  which 
are  made  to  ring  under  the  influence  of  elec- 
trostatic charge  and  discharge  to  illustrate 
electrostatic  principles. 


Chimney  Bracket. — A  bracket  designed 
to  support  an  overhead  wire  or  cable  by 
attacmng  it  to  the  comer  of  a  chimney. 

Chlorate. — ^A  salt  of  chloric  acid.  All  chlo- 
rates are  soluble  in  water;  on  heating  they 
evolve  much  oxygen  and  a  trace  of  chlorine, 
the  residue  being  a  chloride.  On  account 
of  their  oxydizing  properties  chlorates  are 

much  used  as  reagents,  and  in  the  com- 
pounding of  explosives,  fireworks,  matches,  etc. 
The  most  important  are  the  chlorates  of  barium* 
potassium  and  sodium. 

Chloride. — A  compound  of  an  element  with 
chlorine.  The  chlorides  of  non-metallic 
elements  are  either  gaseous  or  liquid,  those 
of  metallic  elements  are  liquids  or  solids. 
Some  of  these  latter  are  decomposiid  by 
water,  all  the  remainder  save  those  of  silver 
and  some  of  mercury  are  soluble  in  water.  A 
chloride  is  formed  bv  direct  union  of  the  elements; 
by  decomposition  oi  a  metal  or  its  oxides  or  car- 
bonate in  hydrochloric  acid:  or  b^  double  decom- 
position, as  with  an  insoluble  chloride,  such  as  that 
of  silver. 

Chloride  Accumnlator. — ^A  trade  name 
for  a  type  of  storage  cell  now  extensively 
used.  It  gets  its  name  from  zinc  chloride 
which  was  at  one  time  employed  in  making 
the  negative  plate,  though  now  abandoned. 
In  the  chloride  cell,  the  positive  plate  is  of 
the  Plants  type  with  metallic  lead  as  active  ma- 
terial, the  negative  plate  being  made  by  a  special 
process. 

Chloride  of  Antimony. — ^A  strongly  acid 
liquid  of  a  reddish  brown  color,  formed 
under  heat  by  the  action  of  hydrochloric 
acid  upon  native  sulphides  of  antimony. 
This  is  really  a  solution  of  the  terchh  ide  m 
hydrochloric  acid.  Upon  concentration 
the  terchloride  becomes  a  soft  solid  known  as  the 
bitUer  of  antimony;  this  is  used  with  olive  oil  to 
bronze  gun  barrels,  etc.,  and  is  also  used  by  electro- 
platers  as  an  oxidizing  agent  for  silver,  etc. 

Chloride  of  Copper. — A  white  crystalline 
solid,  insoluble  m  water  but  soluble  in  hy- 
drochloric acid  and  ammonia.  This  salt  is 
iised  in  electroplating,  etc. 

Chloride  of  Gold. — ^This  is  formed  by  the 
action  of  aqua  regia,  or  nitro-hydrochloric 
acid  upon  gold.  The  chloride  is  readily 
soluble  in  various  liauids,  is  extremely  sus- 
ceptible to  light,  and  is  consequently  much 
used  in  photography.  It  is  also  employed 
in  electro-deposition. 

Chloride  of  Lime. — Calcic  chloride,  pre- 
pared by  passing  chlorine  gas  over  slaciced 
time  in  a  gradual  manner  to  avoid  heating 
it.    The  chloride  is  used  as  a  bleaching 
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agent,  as  a  disinfectant;  for  the  formation 
of  brine  used  in  refrigerating  systems. 

Chloride  of  Silver. — ^Formed  as  a  precipi- 
tate by  treating  ^ver  nitrate  with  chlonde 
of  sodium.  It  is  extremely  sensitive  to 
light  and  is  used  to  prepare  the  sensitive 
paper  upon  which  photographs  are  {)rinted 
from  the  negative.  The  chloride  is  also 
used  by  electroplaters  in  silver  solutions. 

Chloride  of  Tin. — In  chemistry,  a  com- 
pound of  chlorine  with  tin. 

Chloride  of  Zinc. — ^A  white  solid,  usually 
seen  in  the  form  of  sticks,  prepared  in  solu- 
tion by  the  action  of  hydrochloric  acid  on 
sine.  This  solution  is  generally  known  to 
tinsmiths  as  killed  spirits,  and  is  largely 
used  in  soldering  witn  lead  and  tin  alloys. 

Chloride  StoraM  Cell. — ^A  type  of  cell 
having  elaborate^  prepared  negative  plates 
in  which  lead  grids  are  cast  around  small 
hexagonal  slabs  or  "pastilles"  of  chloride 
of  lead.  These  lead  plates  are  placed  in  a 
solution  of  chloride  of  zinc  and  alternated 
with  plates  of  metallic  linc,  and  then  subjected  to 
various  processes  which  finally  leaves  an  extensive 
area  of  porous  metallic  lead  in  contact  with  the 
solution.  The  positive  plates  are  formed  so  as  to 
present  a  lai^ge  surface  of  lead  peroxide. 

Choking^  Coil. — ^A  coil  of  wire  provided 
with  an  iron  core,  and  wound  so  as  to  give 
it  considerable  self  induction  with  small 
resistance,  used  in  an  alternating  current 
circuit  to  impede  the  current  without  loss 
of  power;  an  impedance,  or  reactance  coil. 

Chokinff  EflTeet. — The  influence  of  a  chok- 
ing cou  in  retarding  the  current. 

Chord  Winding^. — ^A  method  of  winding  a 
drum  armature,  in  which  each  coil  is  laid 
on  so  as  to  cover  an  arc  of  the  armature 
surface  nearly  equal  to  the  angular  pitch  of 
the  poles;  also  called^  short  pitch  winding. 

Chromate  of  Lead. — ^A  rare  mineral  found 
in  Siberia,  Hungary  and  the  Philippines. 
It  is  known  better  as  crocoite  and  is  found 
in  translucent  yellow  crystals.  Chrome  yel'- 
low  is  derived  from  this  substance,  which  is 
also  used  in  organic  analysis  and  electro- 
plating. 

Chrome  Steel. — Steel  containing  1.2  to  1.5 
%  of  chromimn,  which  confers  upon  it  ex- 
traordinary hardness  and  tenacity,  render- 
ing it  suitable  for  projectiles,  armor  plates, 
safes,  etc. 


Chromic  Acid  CelL — ^A  primary  cell  em- 
ploying as  a  depolarizer,  chromium  tri- 
oxide  dissolved  in  water  forming  a  mixture 
popularly  known  as  chromic  acid.  This 
ceu  was  formerly  known  as  the  potassium 
bichromate  cell  from  the  fact  that  originaUy 
the  ehiomium  trioxide  was  obtained  from  potass 
sium  bichromate.  The  plates  employed  are  cazfoon 
and  amalgamated  zinc 

Chromium. — ^A  white  metal^  very  infusible, 
with  a  specific  gravity  6.8,  principally  oc- 
curring in  nature  as  chrome  iron  ore,  which 
is  found  in  the  Shetland  Islands,  Bosnia 
and  California.  Alloyed  with  steel  in  small 
quantities,  it  produces  a  material  of  ex- 
treme hardness  and  tenacity,  and  its  compounds 
and  derivatives  are  numerous  and  usefuL  Chrome 
alum  is  employed  in  dyeins  and  calico  printing; 
bichromate  of  potash  is  iiised  for  electrical  purposes. 

Chromosphere. — ^The  red  gaseous  envelope 
around  the  body  of  the  sun,  outside  tne 
luminous  photosphere. 

Chronograph. — ^A  timekeeping  instrument 
of  which  the  stop  watch  is  the  most  familiar 
instance.  The  mechanism  can  be  set  in 
motion  by  pressing  a  spring  and  stopped  by 
the  same  means,  thus  preserving  a  record 
of  the  time  elapsed  between  the  two  move- 
ments. 

ChronoBieter. — 1 .  A  f  i  n  e  1  y  made  time- 
piece, whose  balance  wheel  is  specially 
adapted  to  keep  accurate  time  in  aU  varia- 
tions of  temperature.  It  has  an  escape- 
ment, more  refined  than  that  of  a  watch. 
For  marine  use,  the  chronometer  is  mounted 
on  oimbaU  to  preserve  it  from  vibration  and  keep 
it  horixontal.  Chronometers  are  mounted  in 
boxes,  which  are  enclosed  in  a  glass  covered  case, 
preserving  them  from  dust,  draughts  and  fluctua- 
tions of  temi)erature.  They  are  wound  daily  at 
a  stated  hour  and  are  not  r^^lated.  The  instru- 
ment is  set  as  accurately  as  possible  and  its 
timekeeping  qualities  ascertained  in  an  observa- 
tory. A  certificate  of  rating  is  issued  showixijg 
the  gain  or  loss  of  the  chronometer,  and  thia 
cumulative  error  is  taken  into  account  when 
observing  the  time. 

2.  An  instrument  operated  by  electricity  for 
measuring  time,  and  aajusted  for  accuracy  under 
changing  conditions;  called  also  electric  ckronom' 
eter, 

Chronoseope. — An  electrically  controlled 
instrument  for  measuring  time  to  the  one- 
thousandth  part  of  a  second.  It  is  by  the 
use  of  a  chronoscope  that  the  speed  of  a 
projectile  is  sometimes  measured. 

Chute  Case. — ^An  annular  casing  surround- 
ing certain  types  of  turbine  water  wheels. 
The  chute  case  contains  the  guide  blades 
of  one  of  the  inward  flow  type,  and  is  some- 
times made  double,  the  inner  case  acting 
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as  a  register  gate,  to  regulate  the  flow  of 
water. 

G*  I*  F. — ^A  commercial  transportation  term, 
meaning  cost,  insurance  and  freight;  it  is 
intended  to  cover  the  cost  of  certain  goods 
at  point  of  destination. 

Cinder. — 1.  A  small  particle  of  matter  re- 
maining after  combustion. 

2.  A  scale  thrown  off  in  forging  metal. 

3.  Uncombined  carbon  in^wrou^t  iron. 


Cinematoipraph. — ^An  electric  machine  for 
throwing  a  rapid  succession  of  pictures  upon 
a  screen,  ancl  thus  giving  the  effect  of  an 
animated  scene;  a  Infograph. 

Cipher  Code* — ^A  telegraphic  code  employ- 
ing arbitrary  words  or  pnrases  in  place  of 
actual  extended  messages  for  rapid,  eco- 
nomical and  secret  communication. 

Cipher  Hessa^ife. — ^A  message  composed 
m  terms  of  a  cipher  code. 

Circle  of  Reference. — ^A  circle  of  given 
radius  employed  in  plotting  out  a  curve  of 
sines  to  illustrate  periodic  motion. 

Circuit. — ^The  course  followed  by  an  electric 
current  passing  from  its  source  through  a 
succession  of  conductors,  and  back  again 
to  its  starting  point. 

Circuital  Flux. — 1.  The  electric  flux  of  a 
circuit. 
2.  A  circular  flux. 

Circuital  Gaassaf^. — ^The  magnetic  in- 
tensity of  a  complete  magnetic  circuit. 

Circuital  Maflrnetinm. — ^The  magnetism 
of  an  ordinary  oar  magnet  exhibiting  poles 
<nily  at  its  two  ends. 

Circuital  Vector. — A  vector  quantity 
completing  a  curve  or  loop. 

Circuital  Voitag^e. — ^The  voltage  indicated 
in  a  complete  electrical  circuit. 

Circuit  Breaker. — ^A  device,  not  unlike  a 
switch,  wherein  a  dangerous  variation  in 
the  load  upon  an  electric  circuit,  through 
properly  arranged  electro  magnets,  opens 
the  circuit.  Circuit  breakers  are  made  to 
operate  on  an  overload  or  underload. 

Circuit  Indicator. — ^A  type  of  galvanom- 
eter for  showing  the  presence  of  an  electric 
current  and  roughly  mdicating  its  strength. 


Circuit  Loop  Break. — In  overhead  wire 
construction,  a  bracket  carrvin^  insulators 
for  including  a  loop  in  the  cux;uit. 

Circuit  Xioop  Break  Insulator. — ^An  in- 
sulator for  making  the  connections  in  a 
circuit  loop  break. 

Circuit  Maker. — ^In  ignition,  a  device 
which  makes  and  breaks  the  primary  elec- 
tric circuit  to  produce  a  spark;  the  interval 
during  which  ^he  circuit  is  closed  being 
ver^  small  in  proportion  to  that  during 
which  it  is  open. 

Circuit  Uaker  Bell  PuU. — ^A  mechanism 
which  may  be  attached  to  a  bell  pull  where- 
by an  electric  contact  is  made  and  a  bell 
is  rung. 

Circular  BeU. — ^An  electric  bell  having  all 
its  mechanism  enclosed  within  the  gong. 

Circular  Current. — ^An  electric  current 
describing  a  circle  in  its  path. 

Circular  Flux. — The  magnetic  flux  em- 
ploying an  electrified  conducting  wire;  cir- 
cuital flux. 


Circular  Inch* — The  area  of  a  circle  whose 
diameter  is  one  inch;  as  distinguished  from 
one  square  inch,  and  equals  .7854  square 
inch.  The  circiilar  inches  in  any  circle  is 
simply  the  diameter  in  inches  squared. 

Circular  Hacpnetiaation. — M  a  g  n  e  t  i  - 
sation  resulting  in  circular  magnetism. 

Circular  Measure. — This  is  used  for 
measuring  angles: 

Table. 

60  secands  O,    make  1  minute, ' 

60  minutes,  *^     1  degree,  ® 

360  degrees,  *^     1  circle,   C. 

The  circumference  of  every  circle,  what- 
ever, is  supposed  to  be  divided  into  360  equal  parts. 
caOed  deffreea.  A  degree  is  sivth  of  the  circumfer- 
oioe  of  any  circle,  small  or  Uagfi.  A  quadrant  is  a 
fourth  of  a  oircutnfeienoe.  or  an  arc  of  00  degrees. 
A  degree  is  divided  into  00  parts  called  minutes  ex- 

K 'eased  by  sign  ('),  and  each  minute  is  divided 
to  00  Moonos  expressed  by  CO*  so  that  ^e  cir- 
cumference of  any  circle  oontains  21,000  minutes, 
or  1,206,000  seconds. 

Circular  HiL — The  area  of  a  circle  one  mil 

(iTAnr  ^')  ^  diameter,  used  as  a  unit  in 
measuring  the  cross  section  of  wires.  The 
square  of  the  diameter  of  a  wire  in  mils  gives 
its  area  in  circular  mils. 

Circular  Mill  age. — ^The  cross  section  of 
wires  measured  in  terms  of  circular  mils. 
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Circular  Mil  System. — ^A  system  of  stat- 
ing the  size  of  electrical  conductors  with 
reference  to  a  standard  circular  electric  con- 
ductor.   Its  unit  is  the  circular  mil. 

Circular  Pitcsh. — ^The  pitch  of  wheel  teeth 
as  measured  along  the  circumference  of 
the  rolling  or  'pitch  cirde,  upon  which  one 
wheel  comes  mto  contact  with  its  mate. 
Also  known  as  circumferential  pitch. 

Circular  Touch, — A  magnetizing  process 
by  contact  in  which  four  metallic  bars  to 
be  magnetized  are  arranged  in  a  square 
and  the  magnet  applied  by  a  circular  move- 
ment around  the  square  thus  formed. 

Circular  Units  of  Area. — A  system  of 
imits  of  area  adopted  for  measuring  the 
cross  section  of  wires  by  which  areas  are 
expressed  in  terms  of  a  unit  circle,  such  as 
the  circular  mil. 

Circulating^  Pump. — 1.  In  a  power  plant, 
a  reciprocating  or  centrifugal  pump  main- 
taining the  circulation  of  cooling  water 
through  a  surface  condenser,  either  by  suc- 
tion or  forcing. 

Circulation. — 1.  Motion  in  a  circular 
course,  or  in  one  which  brings  the  moving 
body  back  to  the  point  whence  its  motion 
began. 

2.  In  steam  engineering,  the  provision  of 
means  within-  a  boiler  for  the  unobstructed 
motioa  of  water  from  the  coldest  to  the  hottest 
part,  thus  aiding  the  passioi^  of  tiie  feed  water  into 
steam.  lo  raising  steam,  with  large  boilers  having 
thick  plates,  forced  circubtion  is  employed  when 
by  use  of  the  hjjdrokineter  there  is  an  auxiliary 
boiler  in  use.  This  prevents  the  great  stresses 
thrown  on  the  shell  plating  by  a  considerable  dif- 
ference of  temperature  between  the  bottom  and 
top  of  the  boiler,  and  also  quickens  the  generation 
of  steam. 

Circumference. — The  curved  line  that 
bounds  a  circle. 

Circumferential  Speed. — ^The  rapidity  of 
motion  imparted  to  a  point  on  the  surface 
of  an  armature  or  wheel  circumference  by 
the  rotation;  also  called,  tangeTdial  speed. 

Circumflux. — A  quantity  obtained  by  the 
product  of  the  number  of  conductors  on 
an  armature  and  the  armature  current 
divided  by  the  number  of  poles. 

Civil  Eng^eerinn^. — ^That  branch  of  engi- 
neering which  deals  with  non-military  pub- 
lic works.  It  embraces  railways,  roads, 
bridges,  embankments,  waterworks,  harbor- 
constructions,  canals,  etc. 


Clack  Valve. — ^A  pump  valve  which  works 
on  a  hinge;  generally  the  hinge  and  face  are 
made  of  leather,  the  valve  itself  being  of 
metal.  So  called  from  the  noise  it  makes 
when  seating  itself. 

Clamp  for  Arc  Lamps. — 1.  A  clamp  for 
securing  the  end  of  the  rod  that  holds  the 
arc  lamp  carbon. 
2.  A  carbon  clutch. 

Clamp  Splicing  Ear. — ^A  splicing  ear  for 
trolley  wires  by  which  the  ends  of  the  wires 
to  be  joined  are  forced  together  by  a  clamp- 
ing device  and  then  securely  bolted. 

Clamp  Terminals. — ^Terminals  in  the  form 
of  screw  clamps  for  uniting  the  ends  of 
wires. 

Clapper  Valve. — In  steam  engineering,  a 
valve  suspended  from  a  hinge  and  operating 
on  two  openings  or  seats  alternately.  In 
a  modified  form,  it  consists  of  a  disk  vibra- 
ting between  two  seats. 

Clark  CelL — ^A  primary  cell  invented  by 
Latimer  Clark  and  adopted  as  the  standarci 
of  E.  M.  F.  by  the  International  Congress  at 
Chicago,  in  1893.  The  positive  element 
is  mercury  and  the  negative  amalgamated 
zinc,  the  electrolytes  being  saturated  solu- 
tions of  sulphate  of  sine  and  mercurous  sulphate. 
At  Id**  C.  the  E.  M.  F.  is  1.434  international  volts. 
Before  the  introduction  of  the  Weston  cell,  the 
Clark  cell  was  almost  universally  used  as  a  stand- 
ard. 

Clark,  Latimer.— Bom  1822,  died  189S. 
An  English  engineer  and  electrician.  He 
invented  the  gutta  percha  coating  for 
imderground  wires;  a  submarine  cable 
covering  of  asphalt,  hemp  and  silica;  the 
"double  cap  mvert"  insulator;  and  the 
Clark  cell.  He  made  important  investigations  re- 
lating to  the  action  of  electric  currents  in  sub- 
marine cables,  and  vvas  actively  engaged  in  cable- 
laving  in  the  South  Atlantic  and  elsewhere.  In 
other  branches  of  engineering  he  also  took  active 
interest,  notably  in  the  construction  of  oanab  and 
floating  docks. 

Clark's  Compound. — A  compound  of 
mineral  pitch,  silica  and  tar  used  as  a  pro- 
tective covering  upon  the  sheath  of  a  sub- 
marine cable. 

Clay. — A  widely  distributed  earthy  rock, 
derived  from  the  disintegration  of  harder 
rocks,  such  as  feldspars  or  grfivitcs,  etc. 
The  natural  silicate  is  commonly  mixed 
with  variable  proportions  of  sand,  lime, 
iron  oxides,  magnesium  or  other  minerals, 
and  sometimes  with  organic  matter.  The  common 
characteristic  feature  of  all  clays,  which  vaxy  so 
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much  in  other  respects,  is  pUuticiiy ;  that  is,  upon 
moistening  with  water  clay  can  be  moulded  into 
any  desired  shape;  if  this  added  water  be  evapora- 
ted the  clay  may  be  reworked,  but  if  sufficient  heat 
be  applied  to  drive  off  the  natural  constituent  of 
the  hydrated  silicate,  the  clav  is  burnt  into  a  solid 
substance,  no  longer  workable;  ast  bricks  kaolin, 
pottery,  etc. 

Clay  Electrode* — In  electro-therapeutics, 
an  electrode  made  of  clay  of  such  a  shape 
as  to  fit  the  part  of  the  human  body  which 
is  to  be  subjected  to  medical  treatment. 

Clean  Casting^. — ^In  a  foundry,  a  casting 
having  a  clean  skin.  To  produce  a  clean 
casting,  the  mould  must  be  properly  vented, 
sand  suitable  for  the  nature  of  the  casting 
must  be  used,  and  the  surface  sleeked  over 
with  plumbago. 

Clearance. — ^The  open  space  occurring  be- 
tween the  polar  faces  of  the  field  magnets 
of  a  dynamo  or  motor  and  the  surface  of 
the  armature. 


Clearance  Space* — In  an  engine  com- 
pressor, or  pump  cylinder,  this  comprises 
not  only  the  space  left  between  the  cylinder 
end  and  the  piston  but  also  the  volume  of 
the  ports  between  the  valves  and  the  work- 
ing oarrel.  In  gas  engines,  etc.,  the  clear- 
ance space  serves  as  the  combustion  chamber  and 
is  necessary,  but  with  steam  engines  it  is  sought 
to  be  minunixed  as  with  Corliss  or  drop  valves. 
In  any  machine  compressing  a  gas,  its  efficiency 
is  much  diminished  by  the  effects  of  clearance, 
hence  many  devices  are  employed,  especially  with 
ammonia  compressors,  to  reduce  it  to  its  least 
possible  limits. 

Clearing. — ^A  term  used  in  telephone  prac- 
tice for  the  process  of  disconnecting  sub- 
scribers who  nave  been  using  the  line. 

Clearing  Oat  Drops* — ^Drop  shutters  in  a 
telephone  switchboard  in  circuit  with  any 
two  connected  subscribers,  which  fall  when 
the  use  of  the  line  has  ceased. 

Clearing^  ^^^  Relays. — ^Relays  for  the 
operation  of  clearing  out  drops. 

Clearings  Sicpaal* — ^A  signal  given  in  a  tele- 
phone exchange  when  a  conversation  over 
the  line  has  ceased. 

Cleat*  Electric* — ^A  small  block  of  suitable 
grooved  wood,  or  other  non-conducting 
material  for  securing  electric  wires  to  the 
walls  or  ceiling  of  a  room. 

Cleat  Work* — A  method  of  running  elec- 
tric wires  along  the  walls  or  ceiling  of  rooms 
by  the  use  of  grooved  cleats  set  at  intervals; 
openwork. 


Cleavagre  Electricity* — ^Electricity  re- 
sulting from  the  splitting  of  mica  or  other 
crystalline  minerals. 

Gleps^dra* Electric* — An  instrument 
which  measures  time  by  the  gradual  flow 
of  water,  regulated  by  electricity,  through 
a  small  opening. 

Click. — ^A  short,  sharp,  non-ringing  sound, 
commonly  the  result  of  an  impact. 

Click  Wire* — ^A  wire  in  a  telephone  switch- 
board which  sounds  a  click  to  indicate  that 
the  subscriber  called  for  is  busy. 

Climbers* — Spurs  strapped  to  a  lineman's 
boots  to  assist  him  in  climbing  a  telegraph 
pole;  also  called  climbing  irons. 

Clinker* — 1.  A  compact  mass  formed  by 
combustion  or  by  partial  fusion  of  certain 
mineral  substances,  especially  in  the  man- 
ufacture of  PorUajtd  cement.  In  this  an 
incorporated  mixture  of  lime  and  clay  is 
burned  at  a  glowing  heat,  the  resultant 
'  clinker  being  subsequently  ground  to  the  required 
fineness  of  powder. 

2.  A  heavy  vitrified  slag,  formed  in  burning 
certain  coals,  which  clings  to  the  bars  of  the  fur- 
nace and  clogs  its  air  supply. 

Clip* — ^In  telegraphy,  a  cutting  short  or  clip- 
ping of  signals  due  to  defective  adjustment. 

Clipping^  of  Sig^naL — ^A  cutting  short  of 
telegraphic  signals  as  the  result  of  some 
fault  or  disturbance. 

Clock. — An  instrument  or  machine  auto- 
matically recording  the  pulsations  of  a 
pendulum  and  consequent! v  measuring 
time  by  the  movements  of  hands  over  a 
dial  graduated  to  the  hours  and  their  sub- 
divisions, also  by  striking  the  hours  on  a 
bell  or  chimes.  The  motive  power  is  obtained 
from  tiie  descent  of  a  raised  wetght  which  drives  a 
train  of  wheels  moving  at  different  velocities  to 
record  the  various  intervals  of  time.  The  ten- 
dency to  acceleration  on  the  part  of  the  train  n 
periodically  checked  by  an  escapement,  which  checks 
the  advance  of  the  wheels  at  regular  intervals; 
the  pressure  of  the  gearing  is  transmitted  to  the 
penaiUum,  and  gives  to  the  latter  sufficient  force 
to  overcome  the  resistances  tending  to  bring  it  to 
rest.  A  pendulum  is  unsuitable  for  a  portable 
time  piece  and  is  rei>laced  by  a  bedance  wheel  and 
spring,  while  a  driving  spring  is  substituted  for 
we  falling  weight.  Clocks  are  sometimes  operated 
to  a  greater  or  less  extent  by  electricity. 

Clock  Meter* — A  meter  for  electricity  reg- 
ulated by  clockwork. 

Clock  Register* — ^An  instrument  attached 
to  a  clock  for  registering  the  exact  time  of 
any  event. 
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Clockwise. — Said  of  rotating  parts  of  ma- 
chinery, when  thev  run  right  banded  or  as 
the  hands  of  a  dock,  from  left  over  to  right. 
Hie  reverse  motion  is  termed  courUer  dock- 
wise. 

Clockwork  Feed. — ^A  wheeL  mechanism 
for  feeding  forward  the  carbons  in  an  arc 
lamp.  . 

Cldsed  Circiiii.-;-A  circuit  permitting  a 
continuous  electric  current. 

Closed  Circuit  Al&nn.— An  alarm  kept 
on  closed  circuit  which  rings  when  the  mi^ 
cuit  is  broken. 

Closed  Circnit  CelL — ^A  cell  which  can  re- 
main on  a  closed  circuit  without  being  im- 
paired by  polarisation. 

Closed  Circuited. — Having  complete  elec- 
trical continuity. 

Closed  Circuited  Conductor. — ^A  con- 
ductor which  forms  a  part  of  a  closed  cir- 
cuit. 

Closed  Circuit  Thermostat. — ^A  thermo- 
stat resting  on  a  closed  circuit,  which 
br^iks  the  circuit  as  the  temperature  rises. 

Closed  Circuit  Voltmeter. — ^A  voltmeter 
in  constant  connection  with  the  electric 
pressure  it  indicates. 

Closed  Circuit  Working. — ^A  method  of 
telegraphic  signaling  in  wmch  the  batteries 
at  tne  terminals  of  the  line  are  kept  con- 
stantly in  a  closed  circuit. 

Closed  Circular  Currents— The  current 

in  a  circular  dosed  circuit. 


Cluster. 


Closed  Coil  Armature. — An  armature  80 
wo\md  that  the  coils  are  connected  to- 
gether; the  junction  of  each  adiacent  pair 
being  joined  to  a  segment  of  the  commu- 
tator so  that  the  whole  forms  a  closed  cir- 
cuit. 

Closed  Coil  Windinfir*— The  method  of 
winding  by  which  the  coils  of  an  armature 
form  a  closed  circuit. 

Closed  Iron  Circuit  Transformer. — ^A 

transformer  having  a  core  which  makes  a 
closed  magnetic  circuit;  a  non-polar  trans- 
former. 


Closed  Iron  Magnetic  Circuit. — ^A  mag- 
netic circuit  havine  a  continuous  course 
through  iron  or  steel . 

Closed  Loop. — ^A  loop  of  conducting  ma- 
terial in  a  closed  circmt. 

Closed  Loop  Parallel  Circuit. — A  mul- 
tiple circuit  having  its  conductors  in  closed 
loops  between  which  the  receptive  devices 
are  connected. 

Closed  fliapietic  Circuit. — ^A  magnetic 
circuit  lying  in  an  unbroken  course  of  iron 
or  other  metal  having  strong  magnetic 
properties. 

Closed  Magnetic  Circuit  of  Atom  or 
Molecule. — ^A  closed  magnetic  circuit 
conceived  to  exist  in  an  atom  or  molecule 
of  matter. 

Closed  Magpnetic  Core. — A  magnetic 
core  of  iron  designed  to  secure  a  closed 
magnetic  circuit  for  its  field. 

Closed  Position. — ^The  position  of  a  switch 
arm  when  the  circuit  is  closed;  the  make 
position. 

Closed  System  of  Parallel  Distribu- 
tion.— ^A  svstem  of  distribution  in  incan- 
descent lighting  having  separate  circuits 
connecting  groups  of  receptive  devices  with 
the  source,  as  opposed  to  the  tree  system. 

Closet  System. — In  electric  lighting,  a  sys- 
tem of  distribution  in  which  the  lamps  are 
divided  into  groups,  each  group  having  its 
own  circuit  running  back  to  the  dynamos. 

Closure. — The  closing  of  a  circuit. 

Clown's  Hat  Curve. — ^A  curve  of  electro- 
motive force  or  current  which  undergoes 
rapid  change  in  pressure,  suggesting  in 
shape  the  pointed  hat  worn  by  clowns. 

Club  Foot  Electromag^net. — A  horseshoe 
electromagnet  having  a  magnetising  coil 
wound  upon  only  one  of  its  poles. 

Cluster. — 1.  A  number  of  things  that  are 
arranged  close  together,  so  as  to  form  a 
Qroup;  an  assembly  or  aggregation;  as,  a 
duster  of  lamps. 

2.  A  number  of  things  of  the  same  kind 
joined,  or  ooUected  together  so  as  to  form 
a6undle. 


Cluster  CaU. 
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Cluster  CalL — ^A  metallic  sphere  forming 
the  central  base  of  a  group  or  duster  of 
incandescent  lamps. 

Clnteli. — A  device  for  gripping  any  object 
so  as  not  to  interfere  with  its  occasional 
movement;  as,  the  carbon  clutch  in  an  arc 
lamp. 

2.  A  mechanical  device  for  engaging  or 
disconnecting  two  pieces  of  shafting  in  the 
same  line,  or  a  shaft  and  a  wheel,  so  that  they  re- 
volve toother  or  are  free,  at  wilL  TVo  broad 
claanes  are  uaed,  one  with  positive  oonneotioos  by 
means  of  projections  which  engage  with  suitable 
leooBses  called  the  Jaw  or  claw  cluieh;  the  second 
is  the  friction  <iiUcht  operated  by  means  of  eonea, 
eonsbrictino  I>^lcet,  or  expanding  »hoes. 

Cm. — ^Abbreviation  fop  centimeter^  the  unit 
of  length  in  the  C.  G.  S.  system  of  measure- 
ment. 

C.  M« — ^Abbreviation  for  circular  mil. 

C.  fll«  M.  F. — Abbreviation  for  counter  mag' 
neUMnotive  force, 

CoaL — ^Vegetable  matter  compressed  and 
mineralized  so  that  it  occurs  in  stratified 
fossil  deposits.  Chemical  changes  have  re- 
duced the  oxygen  originally  contained,  con- 
sequentlv  increasing  the  percentage  of  car- 
bon. The  traces  of  the  original  vegetable 
strucUire  are  very  few.  Coals  are  classified  as 
follows:  1,  Anthracite;  2,  semi  bitumitunu;  3,  bitu- 
mxnoua;  4,  Umg  flaming  ot  cannei;  6,  lignite  or  frrotm 
coaL 

Coal  Breapker. — ^An  apparatus  with  tooth- 
rollers  used  to  break  tne  masses  of  coal 
into  convenient  pieces  for  the  market,  and 
sort  them  through  screens  or  riddles.  In 
the  Pennsylvania  anthracite  region  the  sizes 
of  coal  are: 

Lamp will  not  pass  mesh  of  4  Inches. 

Steamboat.       "  "  "  3 

Broken "  "  "  2t  to  21    " 

Egg "  **  •*   21  *' 

Large  Stove.       "  "  '*   ij 

Small  Stove.       "  "  "   IJ  to  IJ  " 

CheetDut...       "  "  "     itol     " 

Pea ••  "  "     i  to   I  " 

Buckwheat.       "  "  "     f  to    4  " 

Rice "  "  "     i  " 

The  household  sises  are  egg  and  stove. 

Coal  Bunkers. — Compartments  for  storage 
of  coal  fuel.  On  shipboard,  their  dimen- 
sions and  shape  depend  entirely  upon  the 
size  and  class  of  vessel,  and  the  nature  of 
the  service.  Ashore  they  are  usually  bine 
of  moderate  size,  with  conical  bottoms  so 
as  to  be  self-trimming,  and  are  generally  placed 
above  the  firing  platform.     In  such  case,  an  leva- 


tor or  a  tvagon  hoiat  is  fitted,  unless  an  elevated 
track  for  ooal  can  is  erected  over  the  bunker  tops. 

Coal  Gas. — ^A  complex  hvdrocarbon  gas, 
containing  about  90%  of  hydrogen  and 
marsh  gas,  and  5%  of  heavy  carburetted 
hydrogen  and  acetylene.  It  is  produced 
from  the  destructive  distillation  of  coal, 
heated  out  of  contact  with  air,  in  iron  or 
fire  clay  relorta.  The  products  of  distlllatiim  are 
first  cooled  in  condeneera  to  free  them  of  suspended 
ooal  tar  and  ammoniacal  liquor;  are  then  passed 
through  «crtiM>«r«,  or  towere  filled  with  wet  coke, 
to  dissolve  out  the  ammonia;  ninct  through  ptarifiera 
in  which  trays  of  slaked  lime  or  ferric  oxynydrate 
absorb  sulphur  and  carbon  dioxide  from  ^e  gas; 
finally  being  stored  in  a  gaaomelart  preparatory  to 
dJ8tnbutio&  as  an  illuminant. 

Coal  OU. — ^A  colloquial  expression  in  certain 
districts  for  petroleumj  and  also  for  the  illu- 
minating oils  derived  therefrom. 

Coal  Tar. — Condensed  during  gas  manufac- 
ture from  bituminous  coal,  in  the  form  of 
a  thick  black  liquid.  In  the  hands  of  the 
modem  chemist  it  is  the  source  of  many 
by-products;  such  as  brilliant  aniline  dyes; 
carbolic  cund;  medicines,  as  anOpyrine;  sac^ 
ehann  for  sweetening;  creoaole  for  preserving  wood, 
etc. 

Coal  Tar  Oils. — Certain  oils  distilled  from 
coal  tar.  The  first  distillates  are  li^t  oil, 
heavy  oil,  creosote  oily  and  anthracene 
or  green  oil;  and  these  are  further  separated 
into  their  constituents,  such  as  benzine, 
naphtha,  carbolic  acid,  naphthalene,  etc. 

Coarse  Windiii|r.— The  few  turns  of  thick 
insulated  wire  jomed  in  series  with  the  arm- 
ature, employed  in  winding  the  field  mag- 
net of  a  series  wound  or  compound  wound 
dynamo. 

Coating. — In  metallurgy,  the  process  of 
covering  metals  with  a  superior  metal  as 
gilding,  plating,  silvering,  galvanizing, 
platinizing,  etc. 

Coatinffs  of  Condenser. — The  thin  layers 
of  tintoil  placed  on  opposite  sides  of  a  con- 
denser to  receive  the  electric  charge;  with- 
out such  coatings  the  charge  and  discharge 
would  be  very  slow  and  would  operate  by 
degrees  only,  as  one  part  of  a  non-conduct- 
ing surface  might  be  densely  chart^  and  an- 
other part  be  quite  devoid  of  sensible  charge; 
sometimes  caUed  the  armature  of  a  condenser. 

Coatinffs  of  Leyden  Jar. — ^The  layers 
of  tin^il  spread  upon  the  outer  and  inner 
surfaces  of  a  Leyden  jar. 


Cobalt, 
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Coefficient  of  Magnetic  Indttciion. 


Cobalt. — A  tough,  lustrous,  reddish  white 
metal  of  the  iron  group,  not  easily  fusible 
and  somewhat  magnetic.  It  occurs  in 
nature  in  combination  with  arsenic,  sul- 
phur and  oxygen,  and  is  obtained  from  its 
ores,  smaUitef  cobalite,  etc. 

Cobalt  Platinfl^. — Depositing  a  lajrer  of  co- 
balt upon  an  object  by  electroplatmg.  The 
baths  employed  for  cobalt  plating  are 
chloride  of  cooalt,  double  chloride  of  cobalt 
and  ammonium,  or  the  double  sulphate  of 
cobalt  and  ammonium.  Cobalt  plate  re- 
sembles nickel  plate,  and  articles  oonteo  with  co- 
balt are  sometimes  designated  "superior  nickel 
plate." 

Cock. — In  mechanics,  a  device  for  regula- 
ting the  flow  of  fluids  througH  a  pipe; 
usually  consisting  of  a  tapered  conical  piug 
having  a  hole  or  port  in  it,  and  working  in 
a  shell  of  iron  or  orass  bored  out  to  receive 
the  plug,  and  provided  with  passages  to 
connect  with  pipes,  etc.,  at  either  end.     Rotation 


away  irom  tnem.     ine  pi 
use  or  construction  of  any  cock  is  generally  shown 
by  its  name,  as  blotodovm  cock^  angle  cock^  etc 

Code. — A  system  or  arbitrary  arrangement 
of  signals  for  effecting  communications  at  a 
distance.  The  codification  may  simply  be 
for  the  sake  of  brevity,  or  as  a  means  of 
secrecy,  the  latter  constituting  a  cipher  code. 
Specific  examples  are: 

1.  Signal    Flags;    the    representation    of  short 

Ehroses,  names,  common  words,  syllables  or  lett-crs 
y  means  of  arrangements  of  different  colon'd 
flags  or  single  flags.  This  constitutes  the  Uni- 
veracU  Maritvme  Coae^  which  bears  the  snme  mean- 
ing in  all  languages.  For  naval  use,  each  navy 
has  its  private  code,  wherein  flags  denote  numer- 
als, and  the  combinations  of  numcruls  correspond 
to  words,  phraser,  or  orders,  arranged  in  series  in 
a  book. 

2.  Dot  and  Dash;  alphabetic  signaling,  similar 
to  that  of  Morse  uHcd  in  telegraphy,  whereby  sig- 
nals are  made  over  long  distances,  by  waving  of 
small  flags,  by  colored  lights,  heliograph  or  similar 
means. 

3.  Telegraphic:  a  system  of  words,  a  maximum 
of  ten  letters  being  permitted,  which  represents 
other  words,  phrases,  or  numbers,  to  secure  brevity 
and  secrecy.  As  an  instance,  by  using  words  as 
numbers,  a  code  message  of  14L  ten  letter  words 
has  been  expanded  to  70  pages  of  typewritten 
foolscap. 

Code  Messages. — Mossa^i^es  made  up  of 
code  words  instead  of  the  actual  words  of  a 
communication,  thereby  greatly  abbre- 
viating the  dispatch. 

Code  Name. — A  word  or  symbol  agreed 
upon  by  any  two  correspondents  as  an  ab- 
breviated substitute  in  telegraphic  com- 
munication for  any  actual  name  or  term. 


Code  Teleipraphy. — ^The  use  of  code 
words  in  telegraphy  in  place  of  the  ex- 
tended message  to  save  time  and  cost,  and 
to  secure  secrecy 

Code  Time. — ^The  signals  used  at  the  l^egin- 
ning  of  a  telegram  to  indicate  the  time  it 
was  sent. 

Coefficient. — In  mathematics,  a  number  or 
letter  affixed  to  a  quantity,  to  show  how 
many  times  the  quantity  is  to  be  taken. 
Hence  a  coefficient  is  a  multiplier  or  factor, 
and  when  it  enters  into  a  formula  repre- 
sents some  known  value,  usually  found  by 
experiment. 

Coefficient  of  Electroma^etic  Iner- 
tia.— ^The  coefficient  of  self-induction  ;  be- 
ing the  quantity  of  induction  in  a  circuit 
per  unit  current  in  it. 

Coefficient  of  Expansion. — ^The  ratio  be- 
tween the  increase  of  volume  which  a  sub- 
stance undergoes  when  its  temperature  is 
raised  by  one  degree  C,  and  its  original 
volume;  thus,  in  the  Centigrade  scale  the 
coeflficient  of  expansion  of  air  per  degree  is 

.003665  =  ^78*  that  is,  the  pressure  being  con- 
stant, the  volume  of  a  perfect  gas  increases  Mn% 
of  its  volume  at  0^  C.  tor  every  increase  in  tem- 
perature of  1**  C.  In  Fahrenheit  units  it  increases 
^91. a  =  .002036  of  its  volume  at  32*  F.  for  every 
mcrease  of  1**  F. 

Coefficient  of  Friction. — The  ratio  of  th? 
force  required  to  slide  a  body  along  a  hori- 
zontal plane  surface  to  the  weight  of  the 
body.  It  is  equivalent  to  the  tangent  of 
the  angle  of  repose;  that  is,  of  the  angle  of 
inclination  to  the  horizontal  of  an  inclined 
plane  on  which  the  body  will  just  over- 
come its  tendency  to  slide. 

• « 

Coefficient  of  Hysteresis. — ^A  certain 
constant  measuring  the  work  spent  in  tak- 
ing one  cubic  centimeter  of  iron  through 
one  complete  magnetic  cycle. 

Coefficient  of  Inductance. — ^The  coeffici- 
ent of  self-induction;  being  the  induction 
in  an  electric  circuit  per  unit  current  in  it. 

Coefficient  of  Induction. — ^The  ratio  be- 
tween the  magnetic  flux  density  of  a  mag- 
netic substance  and  the  field  intensity;  also 
called,  the  magnetic  permeability. 

Coefficient  of  Magnetic  Induction. — 

The  ratio  between  the  magnetic  flux  den- 
sity of  a  magnetic  substance  and  the  field 
intensity;  also  called,  magnetic  permeability. 


Coeffieient  of  Magnetic  Leakage. 
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Coefleient  of  Mai^netie  XieaJukife* — 

The  ratio  of  the  lines  of  force  which  pass 
away  through  the  air  and  are  wasted,  to 
Uioee  which  are  utilized  through  the  arma- 
ture of  a  dynamo  or  motor. 

Coefficient  of  Ma^piietluktion. — ^A  term 
sometimes  applied  to  magnetic  suscepti- 
bility, which  18  the  ratio  between  the  inten- 
sity of  magnetisation  acquired  lyjr  a  mag- 
netic substance  and  the  magnetising  force 
acting  upon  it;  its  symbol  is  the  Greek  letter 
k  (kappa). 

Coefficient  of  Mntnal  Indnctaaee  or 
Indnetion. — ^The  number  of  lines  of  in- 
duction due  to  unit  current  in  one  circuit 
which  passes  through  a  second ,  is  known 
as  the  coefficient  of  mutual  induction  be- 
tween the  two. 

Coefficient     of    Self-indnetion.— The 

quantity  of  induction  passing  through  a 
circuit  per  unit  current  in  it;  also  called 
inductance.    It  is  measured  in  terms  of  the 
henry. 
An  inductance  of  one  henry  exists  in 

a  circuit  when  a  current  chancing  at  a  rete  of 
one  ampere  per  second,  induces  an  electromotive 
force  of  one  volt  in  the  circuit.  The  millihenry, 
or  the  one-thousandth  part  of  a  henry,  is  often 
used  as  a  more  convenient  unit. 

Coercive  Force. — ^The  magnetizing  force 
necessary  to  remove  all  the  magnetization 
remaining  in  a  piece  of  magnetic  material 
after  the  magnetizing  force  has  been  dis- 
continued. 

Coherence. — The  act  of  cleaving  or  stick- 
ing together;  cohesion. 

Coherer. — ^A  device  for  detecting  the  pres- 
ence of  electromagnetic  waves,  usually  con- 
sisting of  a  glass  tube  contiEuning  metallic 
filings  making  a  connection  between  two 
electrodeSi  or,  sometimes,  two  minute  metal 
spheres  in  light  contact;  it  is  an  essential 

part  of  the  receiving  apparatus  in  the  Marconi 
svstem  of  wireless  tekgraphy;  also  called,  the 
delectoT. 

Coherer  Tube. — Tn  wireless  telegraphy,  a 
small  glass  tube,  in  which  a  partial  vacuum 
has  been  made,  containing  nickel  and  silver 
filings  which  cohere  and  make  a  circuit 
when  an  electromagnetic  impulse  is  re- 
ceived; also  called,  fitings-iybe. 

Cohesion. — ^In  physics,  the  principle  or 
property  by  which  the  particles  of  a  sub- 
stance nolcf  together,  opposed  to  repulsion. 
In  solidSt  cohesion  is  greater  than  repulsion, 


especially  in  the  case  of  metals;  with  liquids , 
the  two  forces  are  about  balanced,  while  in 
gases,  the  force  of  repulsion  is  far  greater 
than  that  of  attraction. 

Coil  and  Pluneer. — ^An  electromagnet 
consisting  of  a  hollow  coil  or  spool  having 
a  free  core  which,  upon  the  passage  of  an 
electric  current  through  the  coil,  is  drawn 
into  it;  a  solenoid. 

Coil,  Electric. — Successive  turns  of  insu- 
lated wire  which  create  a  magnetic  field 
when  an  electric  current  passes  through 
them. 

Coil  Heater,  Electric. — A  heating  appa- 
ratus which  produces  heat  by  the  resistance 
offered  to  the  flow  of  electncity  through  a 
coil  of  wire. 

Coilin^r    Space    of  Cable  Tank.-— The 

space  in  a  cable  tank  designed  to  hold  the 
coils  of  the  cable. 

Coil  Vaporiser. — ^A  device  for  producing 
vapor  from  a  volatile  liquid  by  passing  the 
latter  through  a  coil,  heated  externally  by 
a  flame,  etc.  Used  in  certain  types  of  lamps 
burning  naphtha  and  the  like,  and  in  petro- 
leum engines. 

Coke. — ^The  result  of  the  distillation  of  coal. 
'  It  is  carbonized  in  heaps,  in  ovens,  or  in  the 
retorts  of  gas  houses  ;  the  bulk  of  the 
mass  is  increased  by  coking,  the  weight 
diminished  from  30  to  35%  according  to 
the  mode  of  conducting  the  process.  It  is 
used  for  fuel  in  manufacturing  and  house- 
hold purposes,  also  for  filtering  purposes. 

Coked  Core  of  Filament. — ^The  core  of 
a  tjrpe  of  incandescent  lamp  filament  com- 
posed of  carbon  reduced  to  coke  by  electric 
neat. 

Coked  Filament. — An  incandescent  lamp 
filament  of  carbon  which  has  been  electri- 
cally heated  in  a  vacuum  to  such  a  degree 
as  to  reduce  it  to  coke. 

Coking^. — 1.  The  manufacture  of  coke  from 
coal. 

2.  The  process  of  rwlucing  carbon  to  coke 
by  electricity;  m^  when  a  carbon  filament 
is  reduced  to  coke  by  electric  heat  in  a  vac- 
uum. 

Cokitkg  Process. — The  application  in  a 
vacuum  of  an  intense  electric  current  to  a 
carbon  filament  whereby  it  is  reduced  to 
coke. 
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Cold. — ^An  expression  for  the  opposite  of 
heat;  when  exposed  to  a  temperature  below 
the  average,  the  sensation  experienced  is 
called  cM.  Properly  speaking,  there  can 
be  no  such  thing  as  cold;  only  a  greater 
or  less  degree  of  heat,  at  any  point  above 
that  of  absolute  zero. 


CoUodion, 


Cold  Drawn. — ^A  term  applied  in  connec- 
tion with  wire  or  seamless  tubes,  which  are 
drawn  to  size  through  rolls  or  dies  while 
cold. 

Cold  Rolled  Shaitinc. — ^Round  shafting 
rolled  to  exact  size  whue  cold;  the  passage 
through  the  finishing  rolls  produces  a 
smooth  polished  surface  resembling  the 
effect  of  planishing  on  sheet  metals.  Turn- 
ing  is  unnecessary  on  these  bars,  and  the 
unbroken  "  skin  "  renders  it  very  strong. 

Cold  Soldering. — A  process  of  amalga- 
mation of  metallic  surfaces  by  the  aid  of 
mercury.  A  hard  amalgam  is  made  of  five 
or  six  parts  of  pure  silver,  three  or  four 
parts  of  tin  and  3  to  5%  ot  bismuth.  This 
alloy  is  melted  and  cast  into  ingots,  the 
iD^ota  reduced  to  fine  filings,  and  thoae  filings 
mixed  when  required,  with  enough  mercury  to 
form  a  stiff  paste,  which  hardens  in  about  an  hour. 

Cold  Water  Test. — ^The  ordinary  test  of 
boilers,  cylinders,  pipes,  etc.,  by  water  at 
ordinary  temperatures,  as  distinguished 
from  a  test  in  which  warm  water  or  steam 
is  employed.    Also  called,  hydravlic  test. 

Collapsinflf  Pressure. — In  steam  engi- 
neenng,  the  pressure  which,  applied  to  the 
outside  of  a  tube,  causes  it  to  fail  by  bend- 
ing or  cnunpling  inwards.  In  its  usual 
application,  it  has  reference  to  the  tubes 
and  £u*e  boxes  of  steam  boilers. 

Collar. — In  engineering,  an  enlarged  cylin- 
drical portion  of  a  shaft,  or  a  cylindrical 
ring  or  sleeve  secured  upon  the  shaft,  in 
either  case  to  serve  as  an  abutment  for 
securing  something  or  preventing  longitu- 
dinal movement  of  the  snaft  itself;  as,  a  set 
coUar. 

Collar  Bearing. — A  bearing  provided  with 
several  rings  or  collar?,  to  take  the  thrust 
of  a  shaft,  or  in  the  case  of  a  vertical  shaft, 
to  provide  adequate  surfaces  for  lubrica- 
tion. 

Collar  Gauffe. — ^A  ring  or  internal  gauge 
for  testing  tne  dimensions  of  external  cylin- 
drical pieces:  the  corresponding  gauge  for 
testing  cylindrical  holes  is  the  plug. 


Collation. — The  repetition  of  a  telegram  by 
the  receiving  operator  back  to  the  sending 
office  in  order  to  verify  it. 

Collectings  Ammeter. — ^A  central  station 
ammeter  which  accumulates  the  currents 
of  the  various  dvnamos  so  as  to  show  the 
total  output  of  the  station. 

Collecting  Brushes. — Conducting  devices 
which  make  sliding  contact  with  the  sur- 
face of  the  commutator  or  with  the  contact 
rings  of  an  alternator,  so  as  to  draw  off  Uie 
current  generated  in  the  armature  coils. 

Collecting  Combs. — Comb  shaped  devices 
for  collecting  electricity  from  tne  plate  of 
a  frictional  dectrical  machine. 

Collecting  PaneL — A  switchboard  panel 
for  collecting  the  current  from  the  various 
dynamos  controlled  by  that  switchboard. 

Collecting  Rin^. — Insulated  metal  rings 
so  attached  to  the  armature  of  an  alter- 
nator as  to  communicate  the  alternating 
currents  to  the  contact  brushes  without 
commutation;  also  called,  collector  rings 
or  slip  rings. 

Collecting^  VesseL — ^In  steam  engineering, 
a  cylindrical  vessel  enclosed  in  a  steam 
boiler  for  the  purpose  of  collecting  the 
muddy  ingredients  contained  in  the  water, 
which  would  otherwise  produce  scale  and 
cause  incrustation.  The  vessel  is  perfor- 
ated to  admit  the  water  which  bubbles  over  into 
it,  carrsring  over  abo  the  sediment,  the  last  settling 
down  into  the  smooth  water  within  the  vessel,  to 
be  subsequently  blown  out  at  intervals. 

Collectors. — 1.  Devices,  such  as  brushes 
and  collecting  rings,  for  drawing  off  electric 
current  from  the  generating  machine  so 
that  the  electricity  may  be  utilized. 

2.  The  pointed  combs  or  connections 
leading  to  the  prime  conductor  on  a  static 
machine  for  collecting  the  electricity. 

Collet. — 1.  A  small  metal  ring  used  for  va- 
rious purposes. 

2.  A  rmg,  collar  or  flange  secured  upon 
an  arbor  or  spindle. 

3.  The  disc  or  ring  which  holds  the  dies 
in  a  screwing  machine 

4.  A  small  socket  for  holding  a  drill  or  bit. 

5.  The  ring  used  to  retain  metallic  packing  in 
a  staffing  box. 

Collodion. — ^A  solution  of  pyroxylin  (solu- 
ble gun-cotton)  in  ether  containing  a 
varying  proportion  of  alcohol.  It  is 
strongly  adhesive  and  is  used  by  surgeons 
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as  a  coating  for  wounds;  but  its  chief  appli- 
cation is  as  a  vehicle  for  the  sensitive  nim 
In  photogiBphy.  Collodion  was  at  one  time  ex- 
penmented  with  as  a  material  for  incandescent 
lamp  filamentB. 

Colloids. — ^Uncrystalline  semi-solid  jeUy  or 
glue-like  bodies  which  diffuse  slowly  and 
iiave  no  tendency  to  pass  through  porous 
membranes;  opposed  to  crystaUaid. 

Colombin. — A  mixture  of  barium  and  cal- 
cium sulphate  used  as  a  heat  resisting 
insulation  between  the  carbons  of  a  Jab- 
lociikoff  candle. 

Color. — A  property,  depending  on  the  rela- 
tions of  light  to  the  e^re,  by  which  one  is 
capable  of  distinguishing  mdividual  and 
specific  differences  in  the  hues  and  tints  of 
objects.  The  sensation  of  color  is  due  to 
differences  in  the  wave  lengtfts  of  lighit  the 

Eortion  of  the  rays  which  is  not  absorbed 
y  a  surface  giving  it  its  distinctive  color. 

Coloring. — In  electroplating,  the  employ- 
ment of  special  salts  in  the  clipping  baths, 
intended  to  produce  shades  and  tints  of 
colors  on  the  plated  articles  other  than  those 
due  to  simple  metals;  as,  gold,  silver, 
copper  or  nickel. 

Column,  Electric* — An  early  name  for  vol- 
taic pile. 

Cols&  OiL — ^A  pale  yellow  oil  expressed 
from  the  seeds  of  the  rape  plant,  having  a 
specific  gravity  of  .012— .920  at  60^  F. 
The  oil  is  used  as  an  illuminant  and  a  lubri- 
cant; for  the  latter  purpose  it  is  Uoum;  that 
is,  has  air  blown  through  it  while  heating, 
the  blown  oil  may  be  used  alone  or  mix^ 
with  mineral  oil. 

Comb — A  collector  of  electricity  used  on 
influence  or  frictional  electric  machines,  it 
consists  of  a  bar  from  which  a  number  of 
teeth  project  like  the  teeth  of  an  ordinary 
comb. 

Combiiuition  Bracket. — 1.  In  telegraph 
or  telephone  pole  line  construction,  a 
bracket  for  more  than  one  insulator. 

2.  In  lighting,  a  bracket  adapted  for  both 
gas  and  electric  lamps. 

Combiiuition  Fitting^s. — Fittings  for 
chandeliers  designed  for  both  gas  and  elec- 
tric lights. 

Combuuktion  Fixtures. — Gas  fixtures 
that  provide  for  electric  lamps  as  well  as 
gas. 


Combination  Qmnge. — In  steam  engineer- 
ing, a  dial  gauge  which  has  two  sets  of 
registers;  as,  pressure  and  vacuum,  pressure 
and  heat  of  water,  pressure  and  heat  of 
steam. 

Combination  Lic^htninc^  Protector. — A 

lightning  protector  for  telephone  ciicuits 
combining  the  film  and  fuse  action,  thus 
grounding  the  circuit  when  either  the  pres- 
sure or  the  current  is  excessive. 

Combination  Line  Protector. — ^A  com- 
bination lightning  protector. 

Combination  Rheostat. — A  rheostat 
which  offers  resistance  through  a  series  of 
independent  coils. 


Combination  Three  Phase  Winding. — 

A  method  of  connecting  the  coils  of  tnree 
phase  alternators  by  combining  the  star  and 
mesh  windings. 

Combined  Carbon. — In  chemistry,  carbon 
which  has  entered  into  true  chemical  com- 
bination with  iron  to  form  white  pig  iron, 
steel,  etc.,  and  is  not  perceptible  to  the  eye; 
as  distinguished  from  the  graphitic  carbon 
that  is  mixed  rather  than  combined,  and 
which  gives  the  gray  appearance  and  com- 
parative softness  to  cast  iron. 

Combined  Fiber  and  Spring  Suspen- 
sion.— ^A  method  of  suspending  a  magnetic 
needle  by  a  fiber,  or  wire  thread,  combined 
with  a  spring,  thereby  minimizing  the  effect 
upon  the  instrument  of  the  rolling  of  a  ship 
or  any  similar  motion. 

Combinin^^  Weig^hts. — In  chemistry,  the 
proportions  in  which  elements  or  com- 
pound substances  react  upon  each  other; 
they  are  either  the  same  as  the  atomic  or 
molecular  weights  of  the  various  sub- 
stances, or  a  simple  multiple  or  factor  of 
those  weights. 

Comb  Lig^htning^  Arrester. — A  lightning 
arrester  composed  of  two  metal  plates, 
having  comb  like  teeth,  connected  to  the 
line  wire,  and  a  third  similar  plate  con- 
nected with  the  earth;  a  saw  tooth  or  ser- 
rated lightning  arrester. 

Comb  of  Storage  Battery. — The  perfor- 
ateyl  lead  plate  used  in  storage  ceUs;  the 
gnd. 

Combustion. — ^The  act  or  state  of  burning ; 
properly,  a  chemical  union  of  substances, 
whose  combination  is  sufficiently  energetic 
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to  evolve  heat  and  light.  Thus,  the  com- 
bustion of  ordinary  fuels  is  due  to  the  rapid 
combination  of  the  carbon  contained  jn  the 
coal,  coke,  or  wood,  with  the  oxygen  of  the 
atmosphere. 

Combustion  Chamber. — ^In  boilers,  a  por- 
tion of  the  internal  heating  surface  arranged 
BO  as  to  afford  space  for  better  commingling 
of  the  furnace  gases;  for  instance,  in  a  flue 
and  return  tubular  boiler,  the  hot  gases 

pass  from  the  furnace  through  large  tubes 
or  flues  to  the  combtuHion  chamber  at  the  further 
end  of  the  boiler,  thence  they  return  through  small 
tubes  to  the  uptake  and  funnel. 

Come  Along^* — ^A  clamp  used  in  pole  line 
construction  for  gripping  a  telegraph  or 
telephone  wire  so  that  it  can  be  drawn  up 
to  tne  required  tension. 

Commercial  Efficiency. — The  ratio  be- 
tween the  practical  or  working  efficiency 
of  a  machine  and  the  total  energy  absorbed 
in  producing  that  efficiency;  net  effidency. 

Commercial  Efficiency  of  Dynamo* — 

The  ratio  between  the  available  electric 
output  of  a  dynamo  and  the  total  energy 
consumed  in  running  it. 

Commercial  Efficiency  of  Motor. — ^The 
practical  mechanical  energy  delivered  at 
the  pulley  shaft  of  a  motor,  divided  by  the 
electrical  energy  absorbed  in  driving  the 
motor. 

Common  Battery  System. —  In  tele- 
phony, a  system  of  signal  transmission  in 
which,  by  centralizing  the  transmitter  bat- 
teries and  calling  current  generators  at  the 
exchange,  it  becomes  possible  for  a  sub- 
scriber to  signal  the  central  office  by  simply 
removing  the  receiver  from  the  hook,  and  again 
by  replacing  it,  thereby  greatly  simi^lifying  the 
apparatus  and  methods  empk>yed  in  the  old 
magneto  system. 

Common  Relay  of  Qoadmplez  Sys- 
tem.— In  quadruplex  telegraphy  the  "neu- 
tral" relay  or  that  one  which  operates  by 
a  change  m  the  current  strength. 

Common  Return. — A  single  return  conduc- 
tor for  several  circuits. 

Commntated. — Said  of  electric  currents 
generated  by  the  armature  of  a  dynamo 
when  their  direction  has  been  regulated  by 
the  conmiutator;  commuted, 

Commntatinff  Pole. — ^An  electromagnetic 
bar  inserted  oet ween  the  pole  pieces  of  a 


dynamo  to  offset  the  cross  magnetization  of 
the  armature  currents;  also  called,  irUerpdle, 
or  compensating  pole. 

Commutation. — ^The  assembling  of  various 
electric  currents  into  a  uniform  direction 
of  flow. 

Commutator. — 1.  In  general,  a  contrivance 
for  reversing  the  directions  of  electric  cur- 
rents in  anv  circuit. 

2.  Specifically,  the  conmiutator  of  a  dy- 
namo consists  of  copper  bars  or  segments 
arranged  side  by  side  forming  a  cylinder; 
and  insulated  from  each  other  by  sheets  of  mica. 
It  is  mounted  u|>on  the  shaft  near  the  armature 
and  rotates  with  it.  The  oonductons  of  the  arma- 
ture are  so  connected  with  the  segments  of  the 
commutator  that  the  current  taken  off  by  the 
brushes  which  bear  upon  the  surface  of  the  com- 
mutator are  direct,  although  the  armature  gener- 
ates an  alternating  current. 

Commutator  Bars. — ^The  insulated  metal- 
lic sections  which  combine  to  make  up  the 
commutator  of  a  dynamo,  upon  which  the 
brushes  rest;  commutator  segments. 

Commutator  Coils. — Special  coils  wound 
upon  the  core  of  an  armature  to  prevent 
sparking,  connected  at  one  end  with  the 
principal  winding,  and  at  the  other  to  the 
conmiutator  bars. 

Commutator  Flats. — A  lowering  in  level 
caused  by  wear  of  the  metallic  segments  of 
a  commutator.  It  is  generally  caused  by 
sparking  set  up  by  periodic  springing  in 
the  armature  mounting. 

Commutator  Lug^. — ^A  prolongation  of  a 
commutator  se^ent  at  the  back  for  the 
purpose  of  securing  the  leads  from  the  ar- 
mature. 

Commutator  Motor. — ^A  motor,  driven  by 
alternating  currents,  carrying  a  commuta- 
tor upon  its  armature. 

Commutator  of  D^amo. — ^That  portion 
of  a  dynamo  whicn  serves  to  collect  the 
electromotive  forces,  or  currents,  gener- 
ated by  the  rotation  of  the  armature,  and 
deliver  them  with  uniform  flow  to  the  out- 
side circuit. 

Commutator  Press  Button. — A  tele- 
phone calling  device  whereby  a  subscriber 
may  siunmon  the  central  station  by  pres- 
sing a  button,  and  so  reversing  a  battery. 

Commutator  Se^^ents. — The  copper 
bars  which  are  laid  together  so  as  to  form 
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the  cylindrical  surface  of  a  dynamo  or  mo- 
tor commutator;  commiUaior  bars. 

Commuted. — ^Acted  upon  by  a  conunutator 
for  regulating  the  direction  of  the  electric 
currents  generated  in  the  armature  of  a 
dynamo. 

Commated  Currents. — Such  electric  cur- 
rentSy  generated  in  a  dynamo  armature,  as 
have  been  assembled  into  a  uniform  direc- 
tion by  the  action  of  a  commutator. 

Commated  Magneto  Generator. — An 

electric  generator  sustained  by  a  permanent 
magnet,  having  its  ciurents  commuted. 

Commattngf  Transformer. — A  rotary 
transformer. 

Comparator. — An  instrument  by  means  of 
which  an  alternating  current  ammeter  or 
voltmeter  mav  be  calibrated  with  the  direct 
current  standard.  It  is  essentially  a  hot 
wire  instrument  which  indicates  zero  when 
the  aJtemating  and  direct  currents  to  be 
compared  are  equal. 

Compartment  Manhole. — ^A  manhole 
with  compartments  to  accommodate  va- 
rious sections  of  cable. 

Compass. — ^The  magnetic  compass  consists 
of  a  magnetic  needle  pivoted  on  a  fine  point 
within  a  suitable  case;  below  the  needle  is 
placed  a  card  graduated  to  degrees  and  the 
cardinal  points,  so  that  the  movements  of 
the  ne^le,  which  lies  N.  and  S.,  always 
indicate  the  beariziff  of  any  object.  The  mariner's 
compass  consists  of  a  skeleton  card  mounted  uj}on 
the  needles,  two  or  four  parallel  magnets  being 
employed.  There  are  two  graduated  circles,  the 
inner  showing  the  32  points,  halves  and  quarters, 
the  outer  graduated  to  360**.  The  N.  and  S.  diam- 
eter of  the  cards  is  parallel  with  ihe  needles,  the 
N.  point  being  indicated  by  a  fieur-de-lis;  a  black 
line  (the  Ivbbei's  line)  is  drawn  vertically  on  the 
case  in  line  with  the  vessel's  keel,  so  as  to  show  the 
direction  of  her  head.  The  compass  is  mounted 
on  ginUuUs,  to  preserve  its  horixontal  position,  the 
whole  being  mounted  upon  a  binnacle,  oontaminf; 
provision  for  counteracting  deviation.  A  spirU 
compass  is  filled  with  a  mixture  of  1  alcohol,  2  water, 
within  which  the  card  floats*  and  is  hermetioally 
■ealed. 


Compass  Card. — ^A  circular  disc  in  the 
mariner's  compass  divided  into  32  degrees 
or  points;  four  of  these  are  called  cardinal 
points,  viz.,  north,  south,  east  and  west; 
and  four  are  called  intercardinal  points  nud- 
way  between  the  cardinal  points;  and  these 
are  again  twice  subdivided. 

Compaiss  Needle* — The  polarized  bar 


which  is  suspended  so  as  to  assume  a  direc- 
tion resulting  from  the  earth's  magnetism. 

Compensated  Alternator. — An  alterna- 
tor for  maintaining  a  uniform  pressure  in 
the  circuit  under  different  loads,  having 
field  magnets  excited  both  by  currents  from 
a  separate  generator  and  by  those  furnished 
by  the  armature. 

Compensated  Condenser. — In  duplex 
telegraphy,  a  condenser  used  to  equalize 
the  static  capacity  of  the  "artificial  wire 
and  that  of  tne  main  wire. 

Compensated  Excitation. — ^The  excita- 
tion of  an  alternator  both  by  a  separate 
generator  and  by  its  own  main  circmt. 

Compensated  Galvanometer. — A  differ- 
ential galvanometer  adjusted  to  measure 
the  strength  of  the  current  at  some  remote 
part  of  a  direct  current  circuit;  one  of  its 
coils  being  shunt  wound  and  one  series 
wound  with  respect  to  that  circuit. 

Compensated  Meter  Bridge. — ^A  slide 
meter  bridge,  so  adjusted  as  to  counteract 
the  influence  upon  it  of  changes  in  tem- 
perature. 

Compensated  Pendulum. — A  pendulum 
fitted  with  some  form  of  device  to  counter- 
act the  difference  in  length  caused  by  ex- 
pansion. In  one  form,  the  bob  is  sus- 
pended by  a  framework  of  iron  and  brass 

rods,  the  upward  expansion  of  the  brass 
compensating  the  lower  effect  of  the  iron;  in  an- 
other, the  bob  or  wei«cht  consists  of  a  tube  contain- 
ing mercury,  the  upward  elongation  of  the  mer- 
cury counteracting  the  lengthening  of  the  pendu- 
lum. In  colder  weather  the  downward  movement 
of  the  brass  or  mercury  balances  the  shortening 
of  the  rod. 

Compensated  Resistance  Coil. — A  re- 
sistance coil,  so  adjusted  as  to  overcome 
the  effects  of  the  differences  of  temperature. 

Compensated  Voltmeter. — A  station 
voltmeter  so  connected  with  the  bus  bars 
as  to  admit  of  automatic  adjustment  to  any 
loss  of  pressure  in  any  of  its  feeders,  thus 
indicating  the  actual  pressure  furnished  the 
main  circuit. 

Compensated  Wattmeter. — An  indicat- 
ing wattmeter  in  which  the  error  caused  by 
the  absorbing  of  power  in  its  series  and 
potential  windings  is  corrected  by  the  intro- 
duction of  a  compensating  coil  connected 
in  series  with  the  potential  coil. 
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Compensating^  Colls. — 1.  Extra  ooQs 
wound  upon  neld  magnets  in  series  with 
the  armature  coils  for  the  purpose  of  main- 
taining a  constant  pressure. 

2.  A  name  sometimes  given  to  the  series 
coils  m  a  compound  wound  dynamo. 

Comi^ensatln^  Cylinder. — ^An  equalizing 
device,  found  on  some  high  duty  pumping 
eneines,  attached  in  pairs  to  eacn  piston 
rod.  It  is  an  oscillating  cylinder,  closed 
at  one  end,  within  which  works  a  plunger 
jointed  to  the  main  rod.  On  the  pump 
starting  from  the  end  of  its  stroke  the  plungera  are 
driven  into  the  compensating  cylinders,  forcing 
the  contained  water  or  oil  tnrouij^h  the  hoUow 
trunnions  into  an  accumulator  or  xntensifier,  tbe 
cylinder  swinging  on  its  trunnions  as  the  stroke 
advances.  Wnen  the  pump  has  passed  half  stroke 
and  steam  is  cut  o£F  by  the  valves,  the  oompcni- 
sating  cylinders  assist  to  drive  the  piston  on  its 
way,  thus  restoring  the  energy  delivered  into  the 
accumulator  at  Uie  beginning  of  the  stroke.  The 
whole  serves  as  a  reservoir  of  energy,  comparable 
to  aflywhed. 

Compensating^  Line. — In  duplex  telegra- 
phy, the  art^dal  or  false  Une,  as  distin- 
guished from  the  main  line. 

Compensating^  Magnet* — ^A  magnet  em- 
ployed to  exert  upon  any  indicating  mag- 
netic needle  such  a  force  as  to  overcome 
the  effect  of  the  attraction  of  the  earth 
upon  that  needle. 

Compensating^  Pole. — An  electromag- 
netic bar  or  coil  inserted  between  the  pole 
pieces  of  a  dynamo  to  offset  the  cross  mag- 
netization of  the  armature  currents;  also 
called,  irUerpole  or  commutating  pole. 

Compensating^  Resistance. — ^A  second 
resistance  sometimes  introduced  in  con- 
nection with  a  galvanometer  shunt,  indeti- 
cate  measurements,  to  compensate  for  the 
reduction  of  resistance  occasioned  by  the 
shunt. 

Compensating^  Winding^. — ^A  winding  de- 
signed to  neutralize  the  armature  cross- 
field,  wound  in  series  with  the  armature 
throu^  holes  in  the  tips  of  the  pole  pieces 
of  a  dynamo. 

Compensating  Wire. — ^In  duplex  telegra- 
phy, the  art^/ictol  or  false  line. 

Compensation. — ^That  which^  makes  good 
the  loss  or  want  of  something.  In  me- 
chanics, that  which  creates  a  balance  of 
forces,  or  acts  as  a  counteractive  of  oppos- 
ing tendencies. 


Compensator. — A  name  sometimes  given 
to  the  auto-transformer  which  is  a  single 
coil  transformer,  in  which  the  same  winding 
will  serve  both  as  a  primary  and  as  a  sec- 
ondary. 

Compensator  for  Alternating  Current 
Lamps. — ^A  small  choking  coilin  the  cir- 
cuit to  reduce  the  pressure  at  the  lamp 
terminals. 

Compensator  Potential  Regpilator. — 

One  in  which  a  number  of  turns  of  one  of 
the  coils  are  adjustable. 

Compensator  System. — ^The  distribution 
of  high  pressure  alternating  currents  to  low 
pressure  receptive  devices  through  choking 
coils  connected  with  the  mains. 

Complement. — Something  that  fills  up  or 
completes  any  number,  quantity,  word,  or 
other  thing  which  lacks  completeness. 

Complete  Combustion. — Combustion  in 
which  all  the  elements  contained  in  fuel, 
or  in  gaseous  charges,  enter  f  uUy  into  chem- 
ical combination  with  the  air.  In  chemi- 
cal language,  their  atoms  are  fully  satisfied. 
The  regulation  of  the  fuel  and  air  supply 
of  furnaces  should,  for  eoonomical  reasons,  appn 
imate  as  nearly  as  possible  to  these  concuuoi 


POX- 

ns. 


Completed  Circuit. — ^An  electric  circuit 
that  has  he&a  made  or  closed;  also  called, 
dosed  circuit. 

Complete  Fanlt. — ^A  defect  which  causes  a 
complete  break  or  interruption  in  an  elee- 
tric  circuit. 

Complete  Wave. — ^A  full  alternation  of  an 
alternating  current,  conceived  as  rising  from 
zero  to  its  greatest  value  in  one  direction,  re- 
turning, and  reaching  its  greatest  value  in 
the  other,  and  then  back  to  the  starting 
point;  a  cycle  of  alternation. 

Completingp  a  Circnit.— Causing  a  circuit 
to  be  dosM,  or  m4xde. 


Complex  Distribution  of  I<amellar 
Ma^etism. — ^A  distribution  of  magnet- 
ism mto  complex  magnetic  shells. 


Complex  Harmonic  Currents. — Cur- 
rents produced  by  the  association  of  higher 
harmonic  currents  with  the  simple  har- 
monic current. 

Complex  Harmonic  Electromotive 
Forces* — ^Electromotive  forces  which  re- 
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suit  from  the  existence  of  higher  har- 
monics in  conjunction  with  the  funda- 
mental E.  M.  F.  in  alternating  currents. 

Complex  HArmonie  Motion. — The  resul- 
tant of  the  combined  action  of  simple  har- 
monic motions. 

Complex  Magnetic  Shell. — ^A  magnetic 
shell  with  varying  magnetic  strength  in 
different  parts  of  its  faces. 

Component. — ^In  mechanics,  one  of  the  parts 
of  a  stress  or  strain,  out  of  which  the  whole 
may  be  compounded  by  the  principle  of  the 
parallelogram  of  forces. 

Component  Cnrrente. — ^The  several  cur- 
rents into  which  a  single  current  may  be 
supposed  to  be  separated,  so  that,  acting 
together,  they  womd  give  the  precise  effect 
of  a  single  cmrent. 

Component  Electromotive   Forcee. — 

The  separate  E.  M.  Fs.  into  which  any  elec- 
tromotive force  may  be  divided. 

Component  Inductions. — ^The  distinct  in- 
ductions into  which  any  magnetic  flow 
might  be  conceived  to  be  separated,  and 
stiU  preserve  its  original  effect. 

Components  of  ImpecUu&ce. — The  ele- 
ment of  actual  resistance  and  the  element 
of  apparent  resistance  which  are  present 
in  the  opposition  offered  to  the  flow  of  the 
current. 

Composite  Balibnce. — ^An  electric  balance 
provided  with  both  coarse  and  fine  coils  of 
wire  for  measuring  either  strong  or  weak 
currents. 

Composite  €Md. — A  form  of  grid  of  a 
storage  battery  composed  of  graphite  cov- 
ered lead  foil  layers  between  lead  plates 
secured  with  lead  rivets. 

Composite  Wire. — ^A  compound  bi-metal- 
lic  wire  used  in  telegraph  and  telephone 
lines  to  secure  both  strength  and  conduc- 
tivity; it  consists  of  a  core  of  iron  or  steel 
covered  with  a  sheathing  of  copper;  now 
superseded  in  best  practice  by  hard  drawn 
copper  wire. 

Composition  of  Forces. — ^In  physics,  the 
finding  of  a  single  force,  called  tne  resultant^ 
which  is  equal  to  two  or  more  given  forces 
acting  in  given  directions. 


Compoand.~Oompoeed  of  two  or  more  ele- 
ments or  parts;  produced  by  the  union  of 
several  ingredients,  parts  or  things. 

Compound  Alternator. — ^A  compound  < 
wound  alternator. 

Compound  Arc. — ^A  voltaic  arc  bridging 
several  electrodes. 

Compound  Cable. — ^A  cable  having  a  core 
made  up  of  several  wires  stranded,  or  other- 
wise bound  together. 


Compound  Compression. — ^The  operation 
of  compressing  au*,  ammonia  or  other  gases 
in  two  stages,  successive  pressure  being 
applied  at  each  stage,  the  sue  of  the  com- 
pressor cylinders  being  correspondingly  re- 
duced. This  gradual  process  overcomes 
much  of  the  loss  oocasioned  by  super  heating  of  the 
cylinders  and  facilitates  the  attainment  of  high 
prassure. 

Compound  Condenser. — A  condenser 
made  up  of  several  sections  or  subdivisions. 

Compound  Engine. — A  steam  engine  in 
which  the  steam  is  expanded  in  two  stages, 
thus  reducing  the  range  of  temperature  in 
the  cylinders,  and  making  the  turning  effort 
more  uniform.  The  cylinder  of  the  first 
stage  of  expansion  is  termed  a  high  pressure 
euUnder,  the  larger  or  second  one  the  law  preuure. 
Sometimes  a  compound  engine  has  three  cylinders; 
one  high  preamre  exhausting  into  two  law  mreaatare 
cjrUnden.  This  type  should  not  be  confounded 
with  a  three  cylinder  triple  expantion  engine  in 
which  the  steam  panes  from  the  high  to  the  tnisr- 
msdtdto,  thence  to  the  Unv  preaaure  cylinder. 

Compound  Oaug^. — ^A  pressure  gauge  re- 
gistering pressures  above  and  below  that  of 
the  atmosphere,  or  pressure  and  vacuum. 
The  needle  pK>int8  at  0  lbs.  when  the  gauge 
is  in  equilibrium,  the  movement  to  one  side 
showing  the  deficiency  below  atmospheric 

SresBure  (usually  in  inches  of  mercury),  the  motion 
>  the  other  side  indicating  pressure  above  atmos- 
pheric  (usually  in  lbs.  per  sq.  in.).  A  compound 
gauge  is  often  fitted  to  the  fow-pressure  receivers 
of  compound  steam  engines,  or  to  the  suction  con- 
nections of  pumps. 

Compounding. — In  engineering,  combin- 
ing a  high  pressure  cvlinder  with  a  low 
pressure  cylinder,  thus  forming  a  unit  capa- 
ble of  working  with  higher  steam  pressure 
and  a  greater  range  of  expansion. 

Compound  Magnet. — A  magnet  made  up 
of  a  group  of  single  magnets  parallel  to  one 
another  with  their  similar  poles  together. 
A  compound  magnet  is  stronger  in  propor- 
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tion  to  its  bulk  and  weight  than  a  single 
magnet. 

Compound  Oils. — In  lubrication,  the  ad- 
.  vantage  of  a  compound  oil  is  believed  to 
consist  in  this,  that  certain  advantages  of 
single  oils  are  gained  and  their  disadvan- 
tages neutralized ;  thus,  an  animal  oil  alone 
is  liable  to  develope  acid,  to  the  consequent 

oorrofiion  of  the  bearings  with  which  it  is  in  con- 
tact; a  vegetable  oil  alone  is  apt  to  dry  and  gum  or 
become  stick v  and  clog  the  oearing;  a  mineral  oil 
alone  is  usually  thin,  has  a  low  firing  point  and  is 
liable  to  become  sciueesed  out  and  evaporated. 
But  by  a  combination  of  the  three,  the  Dody  of 
the  animal  oil  is  retained  while  its  tendency  to 
decomposition  is  lessened,  and  the  good  lubncat-^ 
ing  property  of  the  vegetable  is  utilised  without 
much  gumming  taking  place. 

Compound  Radical. — ^A  group  of  atoms 
of  matter  which  remains  unaecomposed 
throughout  a  series  of  chemical  changes 
undergone  by  the  molecules  of  which  it 
forms  a  part. 

Compound  Receiver. — A  telephone  re- 
ceiver consisting  of  two  distinct  receivers 
combined  in  a  single  shell,  employed  by  a 
central  station  operator  to  secure  a  circuit 
independent  of  the  speaking  circuit. 

Compound  Winding^. — A  method  of  wind- 
ing a  dynamo  or  motor  field  magnet  with 
two  sets  of  coils,  one  of  which  is  connected 
in  series  and  the  other  in  parallel  with  the 
armature  and  outside  circuit. 

Compound  Wire. — A  bi-metallic  wire  con- 
sistmg  of  a  core  of  iron  or  steel  covered  with 
a  sheathing  of  copper,  sometimes  used  in 
telegraph  fines  for  securing  both  strength 
and  conductivity. 

Compound  Wound. — ^Wound  with  both 
series  and  shunt  coils. 

Compound    Wound    Alternator. — ^An 

alternator  having  compound  wound  field 
magnets. 

Compound  Wound  Continuous  Cur- 
rent  Dynamo. — ^A  continuous  current 
dynamo  having  compound  wound  field 
magnets  in  order  to  preserve  a  constant 
current,  or  current  ot  uiuform  strength, 
through  the  external  circuit. 

Compound  Wound  Field. — ^A  magnetic 
field  with  oompoimd  wound  coils.  - 

Compound  Wound   Motor .-^^A  motors 
having  compound  field  magnet  windings  in 


order  to  seeure  uniform  speed  under  vary- 
ing loads. 

Compreesed  Air. — ^Atmospheric  air  com- 
pressed by  mechanical  means  into  a  state 
of  increased  density.  The  air  is  often  com- 
pressed by  pumps  at  a  central  station 
whence  it  is  led  in  pipes  to  the  spot  where 
the  power  is  requu^.  It  may  also  be 
transported  in  steel  tanks  of  convenient  dimen- 
sions. The  power  stored  in  the  air  is  given  up  on 
expansion  within  a  cylinder,  where  it  drives  a  pis- 
ton in  the  same  manner  as  steam.  Ck^mpreased 
air  is  employed  to  drive  drills,  riveting  and  chip- 
ping machines;  many  varieties  of  portable  tools: 
noists  and  pumps;  small  scattered  engines  or  aux- 
iliary machines  for  various  purposes. 

Compreseibility  of  Oaeee. — Owing  to 
the  perfect  freedom  of  motion  among  the 
molecules  of  a  gas,  it  is  possible  to  com- 
press gases  to  a  very  great  extent,  reducing 
a  given  volume  to  much  less  than  it-s 
normal  bulk.  The  pressure  at  constant 
temperature  varies  in  inverse  ratio  to  the 
volume,  according  to  Boyle's  Law. 

CompreBBibility  of  Liquids. — As  with 
gases,  liquids  can  offer  no  resistance  to 
change  of  shape,  only  to  change  of  volume. 
Their  resistance  to  change  of  volume  is  very 
great  indeed,  and  can  only  be  ascertained 
by  delicate  experiments;  a  pressure  of  one 
atoiosphere  will  compress  a  volume  of  water  about 
.0000466  of  its  bulk,  and  a  volume  of  alcohol  only 
.0000216.  This  is  so  slight  that  it  may  be  neg- 
lected in  engineering. 

CompreBBibility  of  Solide. — ^This  varies 
greatly;  with  metals  and  many  elementary 
substances  it  is  so  small  as  to  be  neglecto^ 
in  engineering,  but  with  highly  complex 
substances,  especially  those  of  organic  ori- 
gin, it  is  often  very  large;  as,  for  instance, 
with  most  woods,  cork,  india  rubber,  etc. 

Compreseion. — 1.  In  physics,  the  reduc- 
tion in  length,  area,  or  volume  of  a  body, 
which  is  occasioned  by  the  application  of 
external  force  or  pressure. 

2.  In  steam  engineering,  to  press  to- 
gether or  into  smaller  space;  reduce  in  vol- 
ume; as,  steam  behind  the  piston  on  the 
exhaust  stroke,  after  exhaust  dosure. 

Concave. — Depressed  or  indented  with 
curved  outlines;  a  surface  which  is  part  of 
the  interior  of  a  hollow  sphere;  opposed  to 
convex. 

Concealed  Wirinap. — ^Indoor  wiring,  either 
run  inside  the  warn  or  otherwise  not  ex- 
poeed  to  view. 
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Concentrated  Load* — In  mechanics,  a 
localized  load  or  stress  bearing  upon  one 
particular  point  of  a  beam  or  similar  struc- 
ture. Other  things  being  eoual,  a  concen- 
irated  load  has  twice  the  effect  of  a  die- 
trUnUed  load, 

Coneentration  of  Lines  of  Force. — ^The 
intensifying  of  the  strength  of  magnetic 
flow. 

Concentration  Throw. — The  deflection 
of  a  magnetic  needle  when  exposed  to  a 
current  generated  by  metal  plates  sub- 
jected to  chemical  action  within  a  mag- 
netic field. 

Concentric  Cable. — A  cable  consisting  of 
a  heavily  insulated  core  acting  as  a  leading 
conductor,  and  an  enveloping  metallic  tube 
acting  as  a  return  conductor. 

Concentric  Carbon. — An  arc  lamp  carbon 
having  an  inner  core  of  charcoal  or  of  a 
softer  grade  of  carbon  than  the  outside, 
also  known  as  cored  carbon;  it  is  used  in  a 
modification  of  the  "Jablochkoff  candle." 

Concentric  Conductor  — A  tubular  con- 
ductor containing  an  inner  conducting  core 
separated  from  it  by  insulation. 

Concentric  Cylindrical  Carbon. — ^Arc 
light  carbons  composed  of  a  carbon  rod 
within  a  hollow  carbon  cylinder,  and  insu- 
lated from  it  by  an  air  space  or  by  inter- 
posed non-concfucting  material. 

Concentric  Kains. — ^Main  conductors 
consisting  of  concentric  cables. 

Concentric  Wiring^. — Wiring  with  con- 
centric cables. 

Concrete. — A  mixture  of  Portland  cement, 
sand  and  some  coarse  material,  such  as 
gravel,  broken  stone,  etc.;  much  used  for 
foundations,  heavy  masonry  and  engineer- 
ing structures  generally.  Moulds  or  forms 
are  constructed  of  timber  to  the  desired 
outlines,  and  the  concrete,  being  mixed  with  water, 
is  placed  within  the  mould  until  it  is  full,  when, 
after  a  proper  interval  for  aeUino  or  diying,  the 
bottrds  of  the  form  are  removed,  leaving  the 
strueture  a  solid. 

Concrete  Blocks. — Blocks  made  of  con- 
crete and  used  in  the  construction  of 
bufldings,  breakwaters,  etc.  They  are 
made  by  mixing  cement,  sand  and  stone, 
wet  or  dry,  and  depositing  this  mixture 
in  forms;  called  also,  artificial  stone. 


Condeneance. — ^The  reactance  in  an  elec- 
tric circuit  due  to  capacity  acting  in  the 
opposite  direction  to  the  reactance  of  the 
inauctance. 

Condensation. — ^Reduction  in  bulk  of  any 
substance  accompanied  by  increase  in 
density.  Specificallv  applied  to  the  trans- 
formation of  heated  vapor  into  liauid  by 
contact  with  a  cold  body;  as,  tne  con- 
densation of  exhaust  steam  in  an  engine. 

Condenser. — 1.  An  accumulator  of  electric- 
al energy.  A  Leyden  jar  is  a  simple  form 
of  condenser.  In  practice  it  usuallv  con- 
sists of  layers  of  tin  foil  insulated  from 
each  other  by  sheets  of  paraffined  paper, 
oiled  silk,  mica,  etc.,  sealed  in  an  air  tight 
case.  It  is  an  important  apparatus  in  telegraphy 
and   telephony. 

2.  In  steam  engineering,  an  apparatus  in  which 
the  exhaust  steam  is  reconverted  into  water, 
either  by  minglinij  with  a  spray  of  cooling  water, 
or  by  contact  with  cooled  surfaces.  The  first 
process  is  termed  jei  eondenmUion ;  the  second, 
surface  condensation. 

Condenser  Capacity. — ^The  quantity  of 
electricity  a  condenser  is  capable  of  con- 
taining. 

Condenser  Circuit. — An  electric  circuit 
having  a  condenser  included  in  it. 

Condenser     Lig^htnin^     Arrester. — A 

lightning  arrester  operating  through  a 
condenser  placed  in  the  circuit  for  that 
purpose. 


Condenser  Pressure. — ^The  electrical 
pressiu^  between  the  terminals  of  a  con- 
denser in  phase  with  the  condenser  current; 
the  capacity  pressure. 

Condenser  Rheostat. — In  duplex  or 
quadruplex  telegraphy,  a  rheostat  con- 
nected with  a  condenser  in  the  /alee  or 
artificial  line. 

Condenser  Signaling. — The  use  of  a  con- 
denser in  telegraph  or  telephone  service. 

Condensing  Electroscope.-  -A  form  of 
gold  leaf  electroscope  invented  by  Volta,  in 
which  the  condensing  power  of  two  pre- 
pared discs  is  used  to  aid  in  the  detection 
of  very  feeble  electric  charges. 

Condensing  Engine. — A  steam  engine  in 
which  the  exhaust  steam  is  condensed 
instead  of  being  discharged  into  the  air. 
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Conditioning^* — A  term  with  varied  appli- 
cations in  the  arts;  especially: 

1.  The  act  or  process  of  testing  to 
ascertain  the  quality  or  condition  of 
materials. 

2.  To  bring  to  a  proper  state  or  condition 
for  certain  processes  of  manufacture. 

Conduct. — 1.  The  act  or  method  of  con- 
ducting; guidance;  that  which  carries  or 
guides  anything. 

2.  To  permit  the  passage  of  an  electric 
current. 

Condnetaaee. — ^That  quality  of  a  given 
conductor  in  virtue  of  which  it  facilitates 
the  flow  of  an  electric  current;  it  is  the 
opposite  of  resistance,  and  is  measured  in 
terms  of  the  mho,  Ck>nductance  varies  di- 
rectly as  the  area  of  the  cross  section  and 
inversely  as  the  length.  Heat  decreases  the  con- 
ducting power  of  elementary  substances.  Carbon 
is  an  exception,  being  a  better  conductor  at  a  red 
or  white  beat  than  wh<»i  cold.  At  low  tempera- 
tures the  conducting  power  of  metah  is  improved. 

Conductance  Leak* — A  leak  occasioned 
in  a  circuit  as  a  result  of  conduction,  as 
opposed  to  one  produced  by  induction. 

Conductibility. — Having  the  capacity  of 
conducting  an  electric  current. 

Conducting^  Cord. — A  slender  rope  made 
up  of  insulated  strands  of  wire,  for  the  pur- 
pose of  conducting  a  current  of  electricity. 

Conducting^  Loop* — ^A  loop  of  any  con- 
ducting material. 

Conducting^  Power. — 1.  The  capability 
of  a  substance  to  conduct  electricity,  con- 
sidered in  comparison  with  the  conducting 
power  of  pure  copper  taken  as  a  standard. 

2.  The  power  which  a  substance  has  of 
conducting  heat  through  its  mass;  thermal 
conductivity. 

3.  The  susceptibility  of  a  substance  to  allow 
the  free  action  of  magnetic  force  through  it; 
sometimes   called   magnetic   transparency. 

Conducting^  Surlkces. — ^Those  surfaces 
of  a  steam  generator  which  are  directly 
arranged  for  the  transmission  of  heat;  as, 
the  heating  surface  of  a  boiler  which  is  a 
conducting  surface. 

Conducting  Tip. — A  tip  of  conducting 
material  adjusted  to  the  end  of  a  wire  so 
that  it  may  be  readily  fitted  into  a  socket 
or  binding  post. 

Conduction. — 1.  The  flow  of  an  electric 
current  through  a  conducting  body,  such 
as  a  metallic  wire. 


2.  The  transfer  of  heat  from  the  hotter 
to  the  colder  parts  of  a  body.  Hence, 
conduction  depends  upon  the  fact  of  in- 
equality in  temperature  existing  in  the  several 
portions  of  a  body.  The  transfer  of  heat  through 
solids:  as,  throu^  boiler  plates,  is  due  to  eon- 
duction. 

Conduction  Current. — An  electric  current 
traversing  conducting  material,  such  as 
metals,  as  opposed  to  a  current  which  may 
be  present  in  a  non-conductor. 

Conduction  Lig^htning^  Protector. — A 

device  for  protecting  electrical  instruments 
against  the  effects  of  hghtning  discharges. 

Conduction  of  Heat. — ^The  transfer  of 
heat  through  substances,  from  one  sub- 
stance to  another  in  contact  with  it.  Any 
body  which  transmits  heat  rapidly  is  called 
a  good  conductor  of  heat;  one  that  passes 
heat  slowly  is  termed  a  bad  conductor. 
Homogeneous  bodies  such  as  metals  are  the  best 
conductors;  those  which  are  finely  fibered  such 
as  cotton,  wool  or  wadding;  or  those  finely  sub- 
divided as  charcoal  dust  or  pulverised  cork,  are 
the  worst  conductors  of  heat.  A  bad  conductor 
is  also  known  oa  a  non-conductor. 

Conduction  Resistance. — ^The  resistance 
which  an  electric  conductor  offers  to  the 
flow  of  a  current. 

Conductive. — Having  the  capability  of 
conducting  electricity. 

Conductive  Discharge. — A  discharge  of 
electricity  from  a  charged  body,  by  bring- 
ing a  conducting  substance  into  contact 
with  it;  as  distinguished  from  disrujsiive 
discharge. 

Conductivity. — 1.  The  specific  electric 
conductance  of  a  substance,  the  I'dative 
power  of  carrying  the  electric  current  pos- 
sessed by  different  substances,  the  conduct- 
ing power  of  pure  copper  being  taken  as 
the  standard.  Sir  William  Thomson  has 
suggested  as  the  unit  of  conductivity,  the 
mho,  or  ohm  written  backwards,  the  reciprocal  of 
the  ohm. 

2.  The  relative  value  of  a  material,  as  corn* 

f>ared   with  a  standard,   in   affording  a  passage 
or  the  transmission  of  an  electric  current. 

Conductivity  Resistance. — ^The  (^posi- 
tion which  a  substance  makes  to  the  flow 
<rf  electricity. 

Conductor. — A  substance  which  is  capable 
of  being  a  medium  for  the  transmission  of 
an  electric  current,  especially  one  which 
conducts  electricity  with  great  ease. 
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Condactor  Reslstajiee* — Resistance  of- 
fered to  an  electric  current  by  the  wires 
through  which  the  current  is  transmitted. 

Condaetor  System. — A  system  of  inter- 
lacing electric  conductors  for  the  distribu- 
tion of  electricity. 

Crondait. — 1.  A  passageway  for  under- 
ground cables  and  conductors,  built  up  of 
single  or  multiple-duct  sections  of  vitrified 
clay,  cement  or  iron,  laid  in  concrete,  form- 
ing a  continuous  system  of  protective 
tubing  from  manhole  to  manhole. 

2.  In  street  railway  Bystenu!,  the  pit  between 
the  raib  in  which  is  run  either  the  cable  of  a  cable 
railway,  or  the  Uve  supply  wire  of  an  undeisround 
trolley  system. 

3.  A  pipe  or  passage,  usually  covered,  for 
oonducting  water  under  dams,  railroad  beds, 
etc. 

Conduit  Cables. — Cables  for  conducting 
electricity  placed  underground  in  a  system 
of  conduits. 

Condait  Condactors. — Insulated  con- 
ductors for  distributing  electricity  in  under- 
ground circuits. 

Condait  Trolley  System. — An  under- 
ground trolley  system  in  which  the  wire  is 
run  in  an  underground  conduit  midway 
between  the  rails  of  the  track,  the  connec- 
tion with  the  motor  being  effected  by 
means  of  a  shoe  introduced  through  a  slot. 

Cone* — In  geometry,  a  solid  figure  described 
by  the  rotation  of  a  right  angle  triangle 
upon  one  of  its  sides  as  an  axis,  or  one 
which  tapers  uniformly  from  a  circular  base 
to  a  point. 

Coned  Plang^er. — A  solenoid  core  made 
thicker  midway  between  the  ends,  instead 
of  having  the  usual  cylindrical  shape,  for 
the  purpose  of  obtaining  a  more  uniform 
pull  m  different  portions  of  the  coil. 

Cone  Valve. — ^A  hollow  valve  having  a 
conical,  perforated  face,  through  which 
water  is  discharged  when  the  valve  rises, 
without  impinging  directly  upon  the  valve 
face  or  seat. 

Conieal  Condnetor. — A  conductor  of  con- 
ical shape,  tapering  at  the  ends,  used  for 
obtaining  a  constant  density  of  the  current 
in  a  parallel  system  of  electrical  distribu- 
tion. 

Cot^Jn^^te. — 1.  United  in  pairs;  yoked  to- 
gether; coupled. 


2.  In  chemistiy,  containing  two  or  more 
radicals  supposed  to  act  the  part  of  a  single 
one. 

Coi^Q^^te  Coils. — ^Two  coils  in  such  re- 
lation to  each  other,  as  to  poesess  conjugate 
conductors;  they  are  so  placed,  that  the 
lines  of  force  established  by  one  do  not 
pass  through  the  coils  of  the  other.  With 
this  arrangement,  variations  of  ^  current 
may  take  place  in  one  without  inducing 
currents  in  the  other. 

Conjn^^te  Conductors. — Two  conduct- 
ors so  related  to  each  other  that  the  pres- 
ence of  electro-motive  forces  in  one  pro- 
duces no  effect  on  the  other,  and  variations 
of  the  current  in  one  result  in  no  induced 
currents  in  the  other. 

Conjnnction. — ^The  act  of  conjoining,  or 
the  state  of  being  conjoined,  united,  or 
associated;  union. 

Connect. — ^To  make  an  electrical  connec- 
tion, by  bringing  one  electric  conductor 
into  contact  with  another. 

Conneetinff  Bars. — In  a  telephone  mul- 
tiple switcnboard,  metal  bars  for  connect- 
ing the  operator's  set  with  the  call  wire 
spring  jacks. 

Connectinflf  Box. — In  underground  wiring, 
a  metallic  Dox  in  which  junctions  are  made 
between  feeders  and  mains,  or  between 
mains  and  supply  wires. 

Connectin^p  Jack. — The  terminals  of  a 
line  entenng  a  telephone  exchange;  it 
consists  of  a  socket  containing  a  simple 
switching  device,  mounted  on  the  face  of 
a  switchboard,  into  which  the  connecting 
plug  is  to  be  inserted. 

Connecting^  Pegf. — ^A  piece  of  metal  for 
filling  an  air  space  in  any  apparatus,  in 
order  to  make  an  electrical  connection 
across  that  space;  a  plug. 

Connecting^  Screws. — Binding  posts,  or 
similar  devices,  for  securing  conductors 
at  the  point  of  electrical  contact. 

Connecting^  Side. — ^The  side  of  a  telephone 
switchboard  on  which  the  operator  makes 
the  connections  with  the  subscribers 
called  for. 

Connecting^  Sleeve. — A  device,  usually 
provided  with  binding  screws,  for  holding 
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in  contact  the  ends  of  wires  brought  into 
•lectrical  connection. 

Connecting  Up« — ^The  act  of  completing 
an  electrical  connection. 

Connection.— A  finished  electrical  contact. 

Connection  Board  of  Transformer. — 

A  board  within  a  transformer,  having 
binding  posts,  by  means  of  which  con- 
nections are  made  between  outside  circuits 
and  the  transforming  coils. 

Connector. — Any  device  for  holding  in 
electrical  contact  the  ends  of  conducting 
wires  in  such  a  manner  that  the^  may 
readily  be  released  when  it  is  desired  to 
disconnect  them  again. 

Consecntive. — ^Following  in  a  train;  suc- 
ceeding one  another  in  a  regular  order; 
successive;  uninterrupted  in  course  or  suc- 
cession. 

Consequent  Points. — The  points  upon  a 
magnet  at  which  consequent  poles  may 
develop. 

Consequent  Poles. — 1.  Magnetic  poles 
occurring  abnormally  at  some  point  along 
the  axis  of  a  magnetized  bar  which  has 
its  regular  poles  at  the  ends;  secondary  or 
resultant  poles. 

2.  Macnetio  poles  developed  on  a  dynamo 
when  the  direction  of  the  current  flowing  in  the 
magnetlxinc  coib  is  such  as  to  produce  two  similar 
poles  in  each  pole  piece. 

3.  Poles  occurring  in  a  dynamo  at  points  else- 
where than  at  the  pole  pieces. 

Conserration  of  Electricity. — A  term 
proposed  by  Lijppman  for  the  theory  that : 
every  charge  of  electricity  has  an  opposite 
and  equal  charge  somewhere  in  tne  uni- 
verse more  or  less  distributed;  that  is,  the 
sum  of  positive  charges  is  always  equal  to 
the  sum  of  negative  charges. 

Conserration  of  Energy. — ^The  doctrine 
of  physics,  that  energy  can  be  transmitted 
from  one  body  to  another  or  transformed 
in  its  manifestations,  but  may  neither  be 
created  nor  destroyed.    Energy  may  be 

dissipated,  that  is,  converted  into  a  form  from 
which  it  cannot  be  recovered,  an  is  the  case  with 
the  great  percentage  of  heat  escaping  with  the 
exhaust  of  a  locomotive  or  the  circulating  water 
of  a  steamship,  but  the  total  amount  of  energy 
in  the  univene,  it  is  argued,  remains  constant 
and  invariable. 

Consonance. — 1.  A  sounding  together;  the 


reinforcing  of  sound  by  a  bodv  set  in  vibra- 
tion l^  the  first  sounding  body. 

2.  ni  a  transformer  circuit,  a  relation 
between  the  primary  and  secondary,  due 
to  mutual  induction,  such  that  the  apparent 
reactance  of  the  primary  circuit  is  zero. 

Consonator. — A  body  which  has  the  ca- 
~?acity  for  consonance  with  a   sounding 


Constant. — 1.  A  quantity  or  magnitude, 
derived  from  actual  experiment,  which  is 
included  as  a  factor  in  most  formulas  for 
the  purpose  of  bringing  theoretical  calcu- 
lations m  agreement  with  experience. 

2.  The  calculated  value  of  certain  invariable 
factors  to  facilitate  computation.  Thus,  a 
marine  engineer  will  calculate  out  for  each  cyl- 
inder, area  of  piston  in  square  inches  X  twice 
stroke  in  feet  -^-  33,000:  and  then  to  obtain  the 
indicated  horse  power  at  any  time,  all  that  is 
neceasary  is  to  multiply  this  conalant  by  the  mean 
pressure  from  the  indicator  card  and  the  revolu- 
tions per  miaute. 

Constant  Cell. — A  voltaic  cell  of  such  a 
character  as  to  furnish  a  constant  electric 
current. 

Constant  Current. — An  electric  current 
of  continuous  and  uniform  strength  which 
preserves  a  uniform  direction  in  its  course; 
an  unvarying  current. 

Constant  Current  Arc  Lamp. — An  arc 

lamp  used  in  series  connection  in  a  con- 
stant current  circuit. 

Constant  Current  Circuit. — A  circuit 
preserving  throughout  a  uniform  strength 
of  current  under  varying  resistance  con- 
ditions. 

Constant  Current  Dynamo.  — A  dynamo 
designed  to  supply  a  constant  current 
strength  to  the  circuit  under  varying  loads. 

Constant    Current    Transformer. — A 

transformer  which  sustains  a  constant 
current  in  its  secondary  circuit  under 
varying  loads. 

Constant  Inductance. — Inductance  not 
a£fected  by  changes  in  the  strength  of  the 
current. 

Constant    Potential  Alternator. — An 

alternator  which  maintains  a  constant 
potential  difference  at  the  dynamo  ter- 
minals under  variations  of  resistance. 

Constant    Potential   Arc   Lamp. — An 

arc  lamp  maintained  in  an  incandescent 
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system  in  which  a  constant  potential  differ- 
ence is  preserved  between  the  leads. 

Constant  Potential  Clrcnit. — ^A  circuit 
preserving  a  constant  potential  difference; 
as,  a  parallel  circuit. 

Constajit  Potential  Dynamo* — ^A  com- 
pound wound  dynamo  designed  to  main- 
tain a  constant  potential  difference  at  its 
terminals  under  variations  of  resistance. 

Constant  Potential  Motor* — A.  shunt 
motor.  The  fields  being  connected  directly 
across  the  line  exert  a  constant  magnetic 
force. 

Constant  Resistance. — ^A  resistance  of 
known  value,  fixed  and  unchanging. 

Constant  Speed  Motor. — A  motor,  such 
as  the  synchronous  motor,  the  induction 
motor,  and  the  direct  current  shunt  motor, 
in  which  the  speed  is  constant  or  nearly  so. 

Constituent* — One  of  the  parts  or  ingredi- 
ents which  go  to  form  any  particular  whole; 
an  elemental  portion  of  a  compound. 

Constrict. — ^To  draw  together;  to  render 
narrower  or  smaller;  to  bind;  to  cramp; 
to  contract  or  cause  to  shrink. 

Construction. — 1.  Building  up  or  erecting; 
the  erection  of  a  structure  from  previously 
formed  elements. 

2.  In  architecture,  the  planning,  design- 
ing and  erection  of  a  structure;  the  setting 
up  of  plant  and  all  processes  preparatory 
to  active  productive  operation. 

3.  In  civil  eosineering,  the  building  of  such 
public  works  as  roads,  railways  and  canals,  as 
differentiated  from  the  subeequent  work  of  main- 
taining and  repairing  tiiem. 

4.  In  mathematics,  the  building  up  of  a  thesis 
or  the  delineation  of  certain  6guroB,  in  accordance 
with  previously  demonstrated  principles,  whereby 
the  solution  of  a  problem  may  be  attained  or 
some  theorem  demonstrated  to  be  correct;  this 
is  especially  applied  in  geometry. 

Constraction  Engineer. — ^An  engineer 
responsible  for  constructive  work;  the 
term  is  applied  especially  to  a  civil  engi- 
neer, subordinate  to  the  chief  engineer  of 
a  railway,  but  who  is  in  charge  of  all  new 
works  for  the  line,  as  against  the  other  de- 
partment having  responsibilitv  for  main' 
lenance  of  existing  structures  and  works. 

Constmction  Way. — In  civil  engineering, 
as  distinguished  from  the  finished  or  per- 
manent way  of  a  railroad.    It  is  a  tem- 


porary wav  used  in  transporting  gravel, 
timber,  rails,  or  transporting  and  obtaining 
earth,  etc.,  from  other  points  where  the  cut- 
tings for  the  track  do  not  turnish  it.  It  generally 
keeps  its  name  until  the  main  road  is  in  running 
order  and  opened  for  the  public  service. 

Consnltinc  Engineer. — ^An  engineer, 
civil,  mecnanical  or  electrical,  generally 
of  high  standing  and  long  experience,  who 
acts  as  an  expert,  giving  advice  to  non- 
technical firms,  public  authorities  or  private 

individuals  with  regard  to  technical  mat- 
ters. Often,  the  services  of  a  consulting  engineer 
include  responsibility  for  the  whole  of  the  conduct 
of  the  engmeering  side  of  a  business,  especially 
with  steamships,  electric  installations,  etc 

Consumer.— A  person  to  whom  electricity 
is  supplied. 

Consumer's  Terminals. — ^The  terminals 
in  a  consumer's  house,  at  which  electricity 
is  delivered  for  his  use. 

Consumption  Circuit. — An  electrical  cir- 
cuit, the  current  of  which  is  consumed  or 
used  up  b^  electro-receptive  apparatus 
placed  withm  it. 

Contact. — 1.  The  act  of  touching.  The 
relation  of  superposed  surfaces  to  each 
other,  the  extent  of  their  coincidence 
being  the  measure  of  the  perfection  or 
otherwise  of  the  contact. 

2.  Two  or  more  surfaces  abutting  on 
each  other  in  such  manner  as  to  close  an 
electric  circuit;  as,  in  make  and  break  or 
low  tension  ignition. 

Contact  Breaker. — 1.  A  contrivance  for 
cjuickly  and  automatically  breaking  or  mak- 
ing an  electrical  circuit  normally  existing 
between  two  contacts. 

2.  In  gas  engine  ignition,  a  device  to 
open  or  break  the  electric  circuit,  at  the 
proper  time  for  the  production  of  a  secondary 
spark  across  the  air  gap  of  the  spark  plug.  Used 
instead  of  a  conUui  makers  w'xih  ensmes  running 
at  unusually  high  speeds.  The  cu>sed  circuit, 
working,  allows  more  time  for  the  magnetic  flux 
in  the  coil  core  to  attain  a  density  sufficient  to 
produce  a  aood  epark. 

Contact  Electricity. — ^Very  small  charges 
of  electricity  generated  by  the  contact  of 
two  insulated  pieces  of  dissimilar  metals. 

Contact  Electric  Railway. — A  type  of 
electric  railway,  employed  in  industrial 
works,  obtaining  current  for  the  motor 
through  contact  buttons  embedded  in 
the  track  structure,  thus  doing  away 
with  dangerous  conductors. 
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Contact  Eleetromotive  Force. — Elec- 
tromotive force  arising  from  the  differ- 
ence of  potential  between  two  dissimilar 
metals  wnen  in  contact  with  each  other. 

Contact  Faults. — ^A  term  api)lied  to  faults 
due  to  conductors  coming  into  contact 
with  each  other;  a  short  circuit. 

Contact  Lamp. — A  form  of  electric  lamp 
which  produces  a  kind  of  incandescence 
with  an  incipient  arc,  from  the  loose  con- 
tact of  two  carbon  electrodes;  also  called 
semi-incandescent  lamp. 

Contactors. — In  the  multiple-unit  system 
of  electric  railway  control,  the  devices 
which  serve  to  operate  the  various  resist- 
ances, to  make  and  break  the  main  circuit 
between  trolley  and  motors,  and  to  change 
from  series  to  parallel  connection.  They 
consist  of  movable  arms  tipped  with  copper  for 
making  contact  with  a  corresponding  fizea  copper 
tip  when  actuated  by  current  by  the  master  oon- 
troller. 

Contact  Points. — ^In  ignition,  the  metal 
points  by  which  contact  is  made  for  com- 
pleting the  circuit  in  igniters,^  contact 
makers,  vibrators  of  induction  coils,  etc. 

Contact  Resistance. — ^The  resistance  due 
to  the  lack  of  absolute  contact  between 
two  connecting  surfaces  in  a  circuit. 

Contact  Rin^  of  Telephone-  Switch- 
board.— A  test  ring  in  a  multiple  tele- 
phone switchboard  which  makes  a  contact 
with  the  sleeve  of  the  spring  jack  plug  for 
the  "busy  test." 

Contact  Ring^s  of  Alternator. — Collect- 
ing rings  in  contact  with  the  armature  of 
an  alternator. 

Contacts. — 1.  Metal  pieces  set  at  different 
points  in  an  electrical  circuit  for  con- 
veniently making  and  breaking  the  circuit. 

2.  Faults  arising  as  a  result  of  contacts 
occurring  between  an  electrical  circuit 
and  some  external  conducting  substances. 

3.  The  creation  of  a  disturbance  in  a  circuit  by 
the  accidental  touch  of  another  circuit. 

4.  In  ignition,  the  stationary  insulated  metal 
segments  lorming  part  of  a  iimtTt  there  being  one 
for  each  cylinder  ot  the  engine.  During  one  rev- 
olution of  the  rotor  of  the  timer,  the  pnmary  cir- 
cuit is  made  and  broken  once  for  each  cylinder, 
thus  firing  the  several  chaiges  in  proper  order. 

Contact  Screw. — ^A  screw  furnished  at  its 
end  with  a  metal  contact  for  closing  a 
circuit. 


Contact  Series* — An  arrangement  of  met- 
als in  a  series  such  that  each  metal  receives 
positive  electricity  by  the  contact  with 
the  one  next  following. 

Contact  Theory. — A  theory  attributing 
the  source  of  electricity  to  tne  mere  con- 
tact of  dissimilar  bodies. 

Contact  Theory  of  Voltaic  Cell.~-The 
contact  theory  applied  to  account  for  the 
action  of  a  voltaic  cell. 

Containing  Cell. — 1.  The  vessel  which 
contains  tne  voltaic  couple  and  associated 
electrolytes  which  combine  to  make  up  a 
voltaic  cell. 

2.  Any  jar  for  holding  solutions  em- 
ployed in  electrical  work. 

Continental     Telegraph     Code. — The 

telegraph  code  used  in  Europe  as  distin- 
guisnea  from  the  American  Morse  code. 
Its  chief  distinction  is  that  the  spaces 
employed  in  the  American  code  are  ex- 
cluded in  the  Continental. 

Continuity  of  Circuit. — ^The  state  of  a 
circuit  which  preserves  an  unbroken  course 
throughout  for  the  flow  of  electricity. 

Continuity  Preserringf  Transmitter. 

— A  transmitter  in  duplex  telegraphy 
which  permits  the  transfer  of  the  line  wire 
from  tne  battery  to  the  ground  without 
interrupting  the  circuit. 

Continuous. — Without  break,  cessation  or 
interruption;  without  intervening  space 
or  time;  uninterrupted;  unbroken. 

Continuous  Alternating^  Transformer. 

— A  transformer  for  changing  a  continuous 
to  an  alternating  current,  or  vice  versa, 
such  as  a  rotary  transformer. 

Continuous  Current. — A  steady,  or  non- 
pulsating,  direct  current;  one  that  has  n 
uniform  and  constant  direction  of  flow,  a^ 
opposed  to  an  alternating  current. 

Continuous  Current  Arc. — ^A  voltaic  arc 
produced  by  means  of  a  direct  instead  of 
an  alternating  current. 

Continuous  Current  Armature  Wind- 
ing's.— Armature  windings  designed  to 
create  continuous  ciurents. 

Continuous  Current  Motor.— A  motor 
driven  by  a  continuous  current. 
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Continaoas   Current  Transformer. — 

A  motor  generator,  or  dynamotor,  for 
changing  tne  potential  difference  in  an 
electric  circuit. 

CoBiinnons   EleetromotiTe  Forces*— 

Electromotive  forces  of  uniform  direction 
and  unvarying  value. 

Continnonsly  Inenlated  Cable. — ^A  ca- 
ble running  between  two  given  points 
without  having  its  insulation  cut  for  the 
introduction  of  tap  wires. 

Continnons  Rinf^ln^  Bell* — ^An  electric 
bell  which  continues  to  ring  after  the  con- 
tact is  made  till  some  one  stops  it. 

Continnons  Spectmm* — A  spectrum  of 
light  showing  every  shade  of  color,  from 
the  extreme  red  at  one  end  to  the  extreme 
violet  at  the  other;  such  spectra  are  to 
be  obtained  from  the  electnc  light,  lime 
light,  and  all  solids  or  liquids  heated  to 
incandescence. 

Continnons    Snrface    Commntator* — 

The  collector  ring  used  on  alternating  cur- 
rent motors  or  generators  is  a  complete 
circle  of  copper  and  presents  a  continuously 
smooth  surface  to  the  contact  of  the 
brushes. 

Continnons  Trolley  Wire* — A  trolley 
wire  in  a  single  length,  instead  of  being 
made  up  of  a  number  of  lengths  joined 
together. 

Continnons  Winding* — A  term  sometimes 
appUed  to  wave  winc&ng. 

Continnons  Wire* — ^A  wire  free  from 
joints. 

Contour* — 1.  The  outline  of  a  figure  or  a 
body;   the  line  that  bounds;  periphery. 

2.  In  civil  engineering,  the  form  of 
the  ground  surface  with  respect  to  its 
undulations. 

3.  In  surveying,  a  horizontal  plane 
intersecting  a  portion  of  ground. 

Contraetinff  Mametic  Whirls* — ^Mag- 
netic whirb  which  tend  to  contract  in 
the  direction  of  the  electromagnet  from 
which  they  spring. 

Contraetion* — The  act  or  process  of  short- 
ening, or  shrinking;  the  state  of  being 
contracted;  as,  the  contraction  produced 
by  cold;   in  mathematics,  the  process  of 


shortening  an  operation;  in  a  foundry , 
the  reduction  in  size  of  a  casting  from  tne 
time  it  is  poured  until  it  cools. 

Contraetion  Fit* — ^In  machine  shop  work, 
a  fit  emploved  when  a  bore  requires  to  be 
firmly  and  permanently  fastened  to  a 
cylindrical  piece,  as  a  shaft.  The  bore 
is  turned  to  a  smaller  diameter  than  the 
cylindrical  piece,   then   heated   so  as  to 

expand  the  bore;  the  cylindrical  piece  is  then 
inserted  and  the  cooling  of  the  bore  causes  it  to 
contract  upon  the  cylindrical  piece  with  a  force 
varying  with  the  amount  allowed  for  contraction; 
alflo  caUed  a  ahrinkage  fiL 

Contraction  of  Area* — The  amount  by 
which  the  area,  at  the  point  where  a 
test  piece  has  broken,  is  reduced  below 
what  it  was  before  any  strain  or  pulling 
force  was  applied.  The  contraction  is 
usually  expressed  as  a  percentage,  and  is 
an  indication  of  the  ductility  of  the  material 
tested. 

Contraction  Rule* — ^In  pattern  making, 
a  rule  in  which  the  various  divisions  are 
made  longer  than  the  actual  measurement 
by  an  amount  proportionate  to  that  which 
the  casting  contracts  in  passing  from  a 
molten  to  a  solid  state.  Generally  taken  as 
2^  inch  to  the  foot  in  cast  iron  and  A  inch  per  foot 
tor  brass.    Abo  known  as  ahriTik  rule. 

Contractor* — An  individual  or  firm  who, 
by  a  legal  agreement,  undertakes  to 
execute  certain  work  for  a  stated  remu- 
neration; as,  a  firm  of  electrical  engineers. 

Contracture. — ^A  state  of  rigidity  of  the 
muscles  of  the  body  sometimes  resulting 
from  the  shock  of  an  electric  current. 

Contraplex  Telepraphy* — ^Transmitting 
telegraphic  messages  simultaneously  along 
the  same  wire  in  opposite  directions,  as 
distinguished  from  diplex  telegraphy. 

Controlled  Clock* — An  electric  clock  hav- 
ing its  movements  governed  by  a  master 
clock. 

Controller* — 1.  A  magnetic  device  for  the 
automatic  regulation  and  control  of  an 
electric  current. 

2.  The  switch  by  means  of  which  the 
motorman  of  a  trolley  car  governs  its 
movements.  It  consists  usually  of  a  verti- 
cal cylinder  containing  contact  points  pressing 
against  flat  springs*  and  is  operated  by  turning  a 
handle  at  the  top:   a  car  controller. 

3.  A  device  attached  to  electrically,  propeUed 
vehicles,  consisting  of  a  number  of  switches  and 
contacts  disposed  spiraUy  about  a  vertical  spuidla 
or  rod.     By  moving  this  spindle  through  dioisEeat 
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angles,  the  moton  may  be  run  in  parallel  for 
starting,  in  seriee  for  oontinued  running,  the 
current  may  be  shut  off,  or  the  motoxa  reversed, 
while  other  positions  regulate  the  resistance  and 
■o  increase  or  decrease  the  running  speed. 

Controller  Points* — Short  radial  bars  or 
"points"  cast  upon  the  cover  plate  of  a 
street  railway  controUer  for  the  purpose 
of  indicating  to  the  motorman  the  position 
of  the  handle  in  relation  to  the  contacts 
within  the  casing. 

Controller  Resistanee* — ^Resistance  in- 
troduced in  trolley  car  controUens  for 
governing  the  movement  of  the  car. 

Controller  Switeh* — The  switch  which 
operates  the  controller  of  a  trolley  car. 

ControUlnflf  Boz« — ^A  box  or  case  contain- 
ing a  controller. 

Controllinap  Clock* — ^In  a  system  of  elec- 
tric time  Keeping,  the  master  clock  by 
which  the  movements  of  the  secondary 
clocks  are  controlled. 

ControUinjg^  Desk* — A  marble  or  steel 
desk,  or  mnch  board  built  to  enclose  a 
concentration  of  controlling  apparatus. 

ControUlnflf  Field*— In  c^vanometerSy 
the  magnetic  field  used  to  bring  the  needle 
back  to  a  definite  position  whenever  it  is 
turned. 

Controlling  llapiei«— A  magnet  employ- 
ed to  exert  a  controlling  influence  upon  any 
action;  as,  for  example,  the  automatio 
controller  for  the  regulation  of  constant 
currents. 

Controllinp^  StaAd. — ^A  stand  provided  to 
support  the  controlling  mecfaanism  of  a 
motor. 

ConToetion*— The  flow  of  eleetricity  b^ 
the  motion  of  charged  particles  off  air 
passing  off  in  currents  from  a  pointed 
electrified  conductor. 

Convection  Cnrrents^^Turrents  arising 
from  the  motion  of  charged  partldes  thrown 
off  in  electrified  streams  called  convection 
streams. 

Convection  of  Heat* — 1.  The  effect  pro- 
duced by  an  electric  current  upon  the 
temperature  of  an  uneveaolv  heated  wire. 
2.  The  transfer  of  heat  By  the  motion 
of  the  heated  matter  itself;  it  can,  there- 
fore, take  place  only  in  liquids  and  gases. 


Convection  Streams* — ^The  flowing  of 
charged  air  particles  in  streams  from  a 
pointed  end  of  a  highly  electrified  con- 
ductor; sometimes  called  electric  wind. 

Convection  Transference* — Electrical 
transference  taking  place  through  the 
medium  of  convection  streams. 

Convective  Discharge* — ^A  discharge  of 
static  electricity  which  takes  place  through 
the  air  in  convection  streams  from  a 
pointed  conductor,  or  through  rarefied  gas 
with  luminous  effects  between  electrodes; 
a  quiet  or  mlent  discharge  as  distinguished 
from  a  diarupUve  discharge. 

Conventional* — 1.  Arbitrary;  established 
by  custom  or  general  usage. 

2.  Dependent  upon  accepted  models  or 
traditions  for  a  formal  representation 
instead  of  an  actual  copy  of  nature; 
purposely  deviating  from  natural  forms  for 
good  reasons,  although  adhering  to  the  principles 
which  underlie  them,  as  the  oonvenlional  figures 
employed  to  represent  oondensen,  batteries,  etc. 

Converge* — ^To  cause  to  tend  to  one  point; 
to  cause  to  incline  and  approach  nearer 
together. 

Converspence* — ^Mutual  approach  towards 
each  ouier  as  with  two  lines  which  are  not 
parallel. 

Converging  Mapiotic  Floz* — ^Biagnetic 
flux  tending  to  converge  towards  a  point. 

Conversion* — ^The  act  of  turning  or  chang- 
ing from  one  state  or  condition  to  another; 
or  1^  state  cd  bdng  changed;  transmu- 
tation; change. 

Convert* — ^The  act  of  making  a  change  in 
an  deotrio  current  through  a  transformer. 

Converted  Currents* — Currents  which 
have  been  acted  on  by  a  transfonner. 

Converter* — 1.  A  machine  empbying  me- 
chanical rotation  in  changing  deotrical 
energry  from  one  form  to  another.  Also 
called,  transformer, 

2.  In  steel  making,  an  egg  shaped  retort, 
mounted  on  trunnions,  which,  in  the 
Bessemer  process,  is  filled  with  molten  pig  iron, 
tilted  at  a  suitable  angle,  and  air  blown  through 
until  the  spectroscope  shows  the  combined  caiboa 
to  be  burnt  awsy.  A  proper  proportion  of  spiegel- 
eisen  or  feRo-maaganese  is  added  to  give  the 
proper  pereentage  of  oaibon,  and  after  a  liitle 
rur&er  sgitation  the  ofaaige  ii  run  off  to  be  east 
into  ingots. 
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3.  In  copper  ameltioc,  an  apparatus  similar 
to  the  above,  in  which  sulphur,  anmuc,  etc.,  is 
burnt  off  from  the  matte. 

Converter  Bracket. — A  bracket  for  sup- 
porting a  transformer  and  its  accessories  in 
a  street  lighting  system. 

Converter  Fuse* — ^A  safety  fuse  set  in  the 
circuit  of  a  transformer  within  the  trans- 
former box. 

Converting  Station. — A  station  operat- 
ing electric  transformers. 

Convex. — Rising  or  sweUing  into  a  spherical 
or  rounded  form;  bulging;  said  of  a 
spherical  surface  or  curved  line  when 
viewed  from  without,  in  opposition  to 
concave,  which  signifies  a  rounaed  form  of 
the  interior  surface. 

Conveirer,  Electric.  —  Any  electrically 
propelled  apparatus  for  carrying  purposes. 

Convolutions. — ^The  loops  in  a  coil  of  wire. 

CoolinflT  Box. — A  small  flat  box  in  Arm- 
strong s  hydro-electric  machine  through 
which  the  stream  passes  and  partly  con- 
denses before  passing  out  at  the  nozzles. 

Coolinff  Snrlkce. — ^In  a  surface  conden- 
ser, the  area  exposed  to  the  steam  or  other 
vapor  by  the  tubes,  etc.,  cooled  by  clrcu- 
latmg  water.  If  the  vapor  be  outside  the 
tubes,  as  in  steam  engineering  practice,  the 

cooling  surface  is  calculated  on  the  external 
diameter  of  the  tubes;  if  the  vapor  be  xruide 
them-  as  in  on  ammonia  condenser,  it  is  calcu- 
lated on  the  bore  of  the  pipes. 

Cooling  Surface  of  Armature. — ^That 
part  of  an  armature  from  which  the  heat 
gen^ated  by  its  rotation  may  pass  off 
into  the  air. 

CooUng  Tower. — An  apparatus  intended 
to  dissipate  the  heat  from  the  condensing 
water  of  a  power  plant,  where  the  supply  is 
limited  or  the  value  of  land  prohibits  a 
cooling  pond  or  lodge.  Essentially,  it 
consists  of  a  tower  or  stack,  from  the  top  of 
which  the  heated  circulating  water  is  sprayed 
orer  a  cellular  construction  of  brushwood,  earthen- 
waie  pipes,  wire  mats,  diaphnqpns  or  other 
hafiet^  designed  to  expose  the  water  to  the  cooling 
influences  ol  the  atmosphere  while  in  a  film  or  fine 
rain,  the  process  being  assisted  b^  the  evapor- 
ation of  part  of  its  bulk.  Counter  air  currents  are 
maintained  by  side  ventilation,  natural  draught 
(using  the  tower  as  a  chimney),  or  by  a  fan  blast. 
The  cooled  water  collects  in  a  tank  or  mmp  within 
the  foundations,  and  its  decrease  by  evaporation 
Ib  made  up  from  the  public  water  mains  or  a  welL 


Cooling^  Tubes. — ^Tubes  for  supplying  cold 
water  to  an  alternating  current  transformer, 
in  order  to  reduce  the  temperature. 

Cooling^  Water. — ^The  injection  or  circu- 
lating water  for  a  condenser,  with  steam 
or  other  heat  engines  or  with  refrigerating 
plants.  The  necessary  quantity  depends 
upon  the  nature  of  the  machinery. 

Cooper-Hewitt  Lamp. — ^The  mercury 
vapor  laxnp  invented  by  Peter  Cooper- 
Hewitt.  Tne  mercurv  arc  is  produced  m  a 
glass  tube  exhausted  to  a  low  pressure. 
The  heat  of  the  electric  current  creates  a 
vapor  from  a  supply  of  mercury  at  one  end 

of  the  tube  which  forms  a  conducting  path  for 
the  curreut,  giving  out  a  greemsh  light  at  a  high 
efficiency. 

Co-ordinate. — 1.  A  thing  of  the  same  rank 
with  another  thing;  one  of  two  or  more 
persons  or  things  of  equal  rank  or  authority. 
2.  Lines,  or  other  elements  of  reference, 
by  means  of  which  the  position  of  any 
point,  as  of  a  curve,  is  defined  with  respect 
to  certain  fixed  lines,  or  planes,  called 
co-ordinate  axes  and  co-ordinate  planes. 

Copal  Varnish. — A  superior  variety  of 
varnish  manufactured  from  copal,  a  resin 
derived  from  an  African  tree. 

Co-periodie. — Having  corresponding  peri- 
odicity, as  co-periodic  electromotive  forces. 

Co-phaeal. — Corresponding  in  phase. 

Co-phasal  Alternations.  -^  Alternations 
corresponding  in  phase. 

Co-phase. — Co-periodic  motions  identical 
in  phase. 

Copper. — A  brownish  red  metal,  tough, 
malleable  and  ductile.  It  can  be  cast, 
forged,  rolled  and  drawn.  Next  to  silver  it 
is  the  best  conductor  of  electricity  and  heat 
known,  and  hence  is  the  most  important 
conducting  material  in  electric  practice. 
It  is  used  in  the  shape  of  wire,  cable,  ribbon,  strap 
and  bars.  The  conaiictivity  of  Matthiessen's  pure 
copper  at  a  temperature  of  0^  C.  is  usually  taken  as 
a  standard:  t.  e.,  100%.  It  is  the  only  metal 
which  occurs  native,  abundantly  in  laive  masses; 
it  is  found  also  in  various  ores,  of  which  the  most 
important  are  chalcopyrite^  chalcocite,  cuprite  and 
malachite.  Copper  is  preeminently  the  metal 
used  for  electric  conducUon.  being  at  once  among 
the  best  conductors,  the  most  ductile,  the  strong- 
est and  the  cheapest;  in  each  of  these  respects  it 
is  excelled  by  one  or  more  of  the  other  metab, 
but  no  other  approaches  it  in  the  average  of  all 
QualiUee. 
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Copper  Alloy. — ^An  alloy  containing 
98.55%  copper,  1.4%  tin  and  .05%  silicon, 
employed  to  manufacture  a  wire  known 
commercially  as  phxmo-eLectric  wire.  Its 
.conductivity  is  only  40%  of  that  of  pure 
copper,  but  it  is  much  tougher  and  has  a 

tensile  strenffth  40-46%  greater  than  hard  drawn 
copper.  It  IS  used  for  trolley  wire,  and  long 
telephone  line  spans. 

Copper  Arc. — ^A  voltaic  are  produced  be- 
tween dectrodes  of  copper. 


Coppenui. — ^Ferrous  sulphate,  also  known 
as  green  vitriol  and  green  copperas,  pre- 
pared either  by  the  action  of  dilute 
sulphuric  acid  on  iron,  or  by  gently 
roasting  iron  pyrites  in  the  air. 

Copper  Bath. — A  bath  for  electroplating 
with  copper,  consisting  of  a  solution  <h 
cyanide  or  acetate  of  copper  within  which 
one  or  more  plates  of  pure  copper  are 
suspended.  The  anodes  are  these  copper 
plates,  and  the  cathodes,  the  objects  to  be 
plated  hung  opposite  to  them. 

Copper  Battenr. — A  battery  used  in  teleg- 
raphy for  sending  "copper",  or  positive 
currents  over  the  line. 

Copper-carbon  Brush. — A  commutator 
brush  consisting  of  a  carbon  block  partly 
copper  plated  to  permit  the  soldering  of 
flexible  cables  to  tnem,  thereby  improving 
the  electrical  connection  between  the 
brushes  and  the  holders. 

Copper  Connector. — 1.  A  form  of  con- 
nector for  uniting  the  copper  element  in  a 
gravity  cell  to  the  conductor. 

2.  A    device    employed    in    connecting 
heavy  conducting  wires. 

Copper  Damping. — A  method  of  bringing 
to  rest  the  moving  parts  of  a  galvanometer 
after  deflection,  in  which  the  needle  is 
enclosed  in  a  cavity  in  a  block  of  copper. 
When  the  needle  moves,  it  sets  up  eddy 
currents  in  the  copper,  which  retard  the 
swing  without  effcctmg  the  final  deflection. 

Coppered  Carbons. — Are  light,  or  other 
carbons,  covered  with  a  layer  of  copper 
deposited  by  electrolysis. 

Coppered  Plnmbas^. — Plumbago  in  a 
powdered  state  dusted  with  copper,  used 
to  prepare  non-metallic  surfaces  for  electro- 
plating; as  in  electrotyping. 

Copper  Elllciency* — ^The  electrical  power 
available  for  use  as  supplied  by  a  copper 


conductor,  compared  with  the  electrical 
energy  originally  delivered  to  the  conductor 
by  the  generator. 

Copper  Gaiuie  Brush. — ^A  commutator 
brush  composed  of  copper  wire  gauze, 
instead  of  a  solid  copper  strip. 

Copper  Heat. — ^The  heat  generated  in  a 
copper  wire  when  an  electric  current  passes 
through  it. 

Copper  Lead  Accumulator. — ^A  storage 
battery  made  up  of  copper  and  lead  plates 
in  a  bath  of  sulphate  of  copper. 

Copper  Less. — 1.  The  actual  loss  of  elec- 
trical energy  resulting  from  the  resistance 
offered  to  tae  flow  of  the  current  through 
a  copper  conductor. 

2.  The  loss  of  power  occurring  in  trans- 
formers due  to  losses  in  the  windings,  plus 
that  due  to  eddy  currents  set  up  in  the 
conductors  themselves. 

Copper  Ma^etic  Circuit. — ^A  magnetic 
cireuit  partially  made  up  of  copper  con- 
ductors. 

Copper  Pipe. — ^In  steam  engineering,  cop- 
per is  used  for  the  steam  and  various  other 
pipes  of  large  engines,  its  utility  consisting 
m  the  readiness  with  which  it  can  be 
curved  to  any  form,  and  in  the  ease  with 
which  it  accommodates  itself  by  expansion 
and  contraction  to  variations  of  temperature 
wi^out  risk  of  tearing  off  the  flanges.  The  flanges 
of  copper  pipes  are  brased  on,  a  hole  being  bored 
througn  the  flange  to  receive  the  pipe. 

Copper  Plating. — ^The  process  of  deposit- 
ing a  coating  of  copper  upon  a  metallic 
surface  by  electroplatmg.  The  object  to 
be  plated  forms  the  cathode  immersed  in  a 
solution  of  copper' carbonate  or  sulphate, 
while  the  anode  consists  of  a  plate  ot  pure 
copper.  A  good  copper  plating  bath  is  made  by 
dinolving  in  a  gallon  of  water,  10  oss.  potassium 
cyanideTd  oss.  copper  carbonate,  and  2  oss.  potas- 
num  carbonate. 

Copper  Pyrites. — ^The  commonest  ore  of 
copper,  a  double  sulphide  of  copper  and 
iron,  sometimes  containing  some  arsenical 
sulphide  in  addition. 

Copper  ResiBtance.-— The  conductor  re- 
sistance encountered  in  a  submarine  cable. 

Copper  ResistiTity. — ^The  specific  resist- 
ance of  hard  drawn  high  conductivity 
commercial  copper ;  Matthiessen's  standard 
being  .153858  standard  ohms  resistance  for 
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a  wire  one  meter  long,  weighing  one  gram 
at  60*  F. 

Copper  Ribbon* — Copper  conductors  in 
the  fonn  of  flat  stripe  or  ribbons;    alrap 

COpp€Tm 

Copper  Shell  of  Electrotype.— The  thin 
layer  of  copper  deposited  by  the  process  of 
electroplating  upon  the  impression  pre- 
pared tor  reproduction  in  electrotype. 

Copper  Smelting, — ^This  is  a  long  and 
elaoorate  process  effected  in  reverberatory 
furnaces  or  converters.  The  pyrites  ores 
are  roasted  to  liberate  arsenic,  and  the 
temperature  is  then  raised  until  the  metal 
fuses,  producing  cuprous  sulphide  and 
nUcate  of  iron;  this  silioate  is  removea  as  sla^.  By 
repeatuui  the  roosting  and  fusion*  all  the  iron  is 
lemovecT  (The  cuprous  sulphide  is  carefully 
roasted  until  it  consists  of  two-thirds  oxide,  the 
temperature  is  then  raised  until  it  beoomes 
copper  and  sulphur  dioxide.)  On  remelting. 
the  copper  is  poled  with  green  wood,  to  reduce 
the  oxide  remaining.  Much  copper  is  refined 
by  eledrolyaiM;  the  blister  copper  is  cast  into 
slabs  for  anodes,  which  decompose  under  the 
action  of  an  electric  current  of  low  voltage  and 
small  amperag&  The  electrolyte  is  a  solution  of 
sulphate  of  copper,  and  the  pure  copper  is  de- 
posited on  a  thin  cathode  pUite  oi  pure  metal. 

Copper  Straps. — ^Thin  bars  or  flat  strips 
of  copper. 

Copper  Strip  Winding. — A  form  of  arm- 
atitfe  winding  in  which  the  conductors  are 
in  the  form  of  strips  of  insulated  copper, 
instead  of  lengths  ot  copper  wire. 

Copper  Sulphate* — A  compound  of  cop- 

S3r,  sulphur  and  oxygen,  also  known  as 
ue  vitriol  in  solution,  and  blitestone  in 
crystals.  It  is  used  as  a  depolarizer  in  the 
DanieU  cell,  and  bv  the  action  of  electrol- 
ysis, sulphuric  acia  is  derived  from  it. 

Copper  Tape. — ^Thin  strips  of  copper  for 
winding  armatures. 

Copper  Voltmeter. — An  instrument  for 
measuring  larger  current  values  than  is 
possible  with  the  silver  voltmeter.  The 
anodes  are  of  pure  copper,  the  cathode  is 
copper  or  platinum,  and  the  electrolyte  a 
solution  of  pure  copper  sulphate. 

Copper  Zinc  Accwnwlator. — A  storage 
battery  made  up  of  copper  and  zino  plates 
in  a  bath  of  sulphate  ot  zinc. 

Copfinff  Teloipraphy. — A  method  of 
automatic  telegraphy  whereby  a  message 


is  received  in  facsimile  of  the  transmitter's 
handwriting;  also  called,  parUelegraphy. 

CorbeL — 1.  In  carpentry,  a  block  of  timber 
resting  on  a  post,  and  supporting  the  ends 
of  timber  girders. 

2.  In  architecture,  a  form  of  bracket  used 
in  Gothic  architecture  to  support  the  ends 
of  cornices,  arches,  parapets,  etc.  It  is  a 
piojeeting  block  of  stone,  usually  carved  and  with 
a  receding  face. 

3.  In  masonry,  bricks  are  also  said  to  be 
corbtUino  when  the  courMS  overiiang  each  other, 
thus  fonning  a  continuous  projection  around  the 
walL 

Cord. — A  cord  made  up  of  a  pair  of  flexible 
insulated  wires  for  conducting  electricity. 

Cord  Adjuster. — A  simple  device  which 
makes  it  possible  to  set  a  pendant  incan- 
descent lamp  at  any  desired  height,  by 
lengthening  or  shortening  a  loop  in  the  cord 
passing  through  the  adjuster. 

Cord*  Electric. — An  insulated  electric  con- 
ductor made  up  of  a  number  of  fine  wires 
to  secure  flexibility. 

Cord  Peg:. — A  connecting  peg  or  plug  at- 
tached to  a  flexible  conductmg  cord  for  use 
in  a  telephone  switchboard. 

Cord  Peg:  Connection. — A  connection 
made  in  a  telephone  switchboard  by  a  cord 

peg. 

Cord  Pendant. — A  flexible  conducting 
cord  with  a  pendant  incandescent  lamp 
attached. 

Cord  Shelf. — ^A  shelf  in  connection  with  a 
telephone  switchboard  for  the  accommo- 
dation of  the  cord  pegs. 

Core. — 1.  The  insulated  electrical  conductor 
of  a  cable,  as  distinguished  from  the  outer 
covering  or  sheathing. 

2.  The  mass  of  iron  forming  the  interior 
portion  of  an  electromagnet,  and  around 
which  the  coils  are  wound. 

3.  The  metallic  body  of  a  dynamo  or  motor 
armature  upon  which  the  windings  are  built  up. 

4.  The  bundle  of  iron  wires  upton  which  the 
primary  and  secondary  coils  of  an  induction  ooil 
or  transformer  are  wound. 

Cored  Carbons. — Carbons  for  arc  lamps 
having  an  inner  core  of  soft  carbon. 

Core  Discs. — Thin  plates  of  sheet  iron 
united  In  such  a  way  as  to  form  circular 
discs  for  building  up  the  laminated  cores  of 
dynamo  or  motor  armatures.  .  ' 
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CoreleM  Armature. — A  variety  of  arma- 
ture lacking  the  usual  iron  core. 

Core  Losses. — The  electric  losses  occur- 
ring in  the  core  of  an  armature  or  trans- 
former due  to  eddy  currents,  hysteresis, 
and  like  influences. 

Core  Pins  of  Magnet. — ^Pins  for  securely 
fastening  the  cores  of  an  electromagnet  to 
the  yoke. 

Core  Ratio  of  Cable. — The  ratio  between 
the  diameter  of  the  core  of  a  cable  and  its 
insulation. 

Core  Transformer. — ^A  transformer  hav- 
ing an  iron  core  upon  which  the  wire  is 
wound  in  such  a  manner  that  the  iron  is 
enveloped  within  the  coils,  and  the  outer 
surface  of  the  coils  is  exposed  to  the  air,  as 
distinguished  from  a  sJCbU  transformer. 

Core  Valve. — ^A  plug  valve  which  has  a 
rotary  turning  motion  in  a  hollow  conical 
seat;  occupying  about  the  same  relative 
position  to  its  seat,  as  the  core  of  a  faticet 
does  to  the  casting  itself. 

Core  Ventilation. — Air  spaces  provided 
in  the  core  of  a  dynamo  or  motor  armature 
to  allow  of  circulation  for  the  puri>ose  of 
keeping  the  iron  cool. 

Corliss  Engfine. — A  steam  engine  fitted 
with  Corliss  valves.  These  are  usually 
four  in  number  for  each  cylinder,  a  separate 
steam  and  exhaust  valve  being  provided 
at  each  end.  The  valves  are  shaped  as  a 
sector  of  a  cylinder  and  rotate  within  a 
oylindrical  seat  over  ports  in  line  therewith.  The 
admission  valves  are  not  in  positive  connection 
with  the  valve  ^^ring,  but  are  tripped  or  dis- 
engaged at  a  point  in  the  stroke  determined  by 
the  governor  or  by  hand,  the  closing  being  effected 
by  a  spring  or  equivalent  device,  thus  giving  a 

guick  cut  off,  variable  according  to  the  load.    The 
brliss  valve  has  the  advantage  of  requiring  httle 
power  to  drive  it,  and  has  minimum  clearance 

Cornice  Bracket. — A  bracket  for  carry- 
ing one  or  more  insulators  on  the  under  side 
of  the  cornice  of  a  building. 

Cornish  Boiler. — A  cylindrical  boiler  with 
one  longitudinal  internal  flue,  the  products 
of  combustion  passing  around  the  shell  of 
the  boiler  withm  the  orickwork  setting  on 
their  way  to  the  chimney. 

Cornish  Pnmpin^  En^ne. — A  form  of 
single    acting    condensmg    steam    pump. 


A  heaw  rod  or  plunger,  raised  by  the 
steam,  forces  up  tne  water  by  its  weight 
in  descending. 

Cornish  Valve. — ^The  equilibrium  or  dou- 
ble beat  valve  as  applied  to  pumping 
engines,  so  called  from  its  origin,  together 
with  many  other  inventions  applied  to 
draining  mines,  in  the  English  county  of 
ComuHul, 

Com  Plaster  Fnse. — ^A  cylindrical  form 
of  safety  fuse  provided  in  telephone 
switchboards. 

Coronas. — ^The  plural  form  of  the  Latin 
corona  (a  crown).  appUed  to  the  crown 
shaped  displays  of  light  seen  in  the  aurora 
borealis. 

Corposant. — A  name  given  by  sailors  to 
the  static  electric  discharges  sometimes 
seen  on  the  tips  of  ships'  masts,  generally 
known  among  sailors  as  St,  Elmo*8  fire. 

Corpuscles. — Minute  particles  of  matter, 
smaller  than  the  chenucal  atom,  conceived 
to  exist  even  in  the  highest  vacuum,  and 
upon  the  presence  and  activity  of  which  is 
based  the  theory  of  all  electncal  phenom- 
ena. 

Correcting^  Factor  of  Wattmeter. — A 

necessary  consideration  in  reading  the 
indications  of  a  wattmeter  to  allow  for  the 
self-induction  in  its  coils. 

Correcting^  Rela^.— In  quadruplex  teleg- 
raphy, a  relay  mterposed  between  the 
receiving  rela^  and  the  sounder  to  guard 
against  false  signals. 

Correlation  of  Energy. — The  ability 
which  anv  form  of  energy  has  to  change 
into  another  form;  as,  when  the  potential 
energy  in  a  voltaic  cell  becomes  electricity. 

Correspond. — ^To  be  like  something  else  in 
the  dimensions  and  arrangements  of  its 
parts;  to  be  adapted;  to  suit;  to  agree. 

Corrode. — ^To  eat  away  by  degrees;  to 
wear  away  or  diminish  by  gradually 
separating  or  destroying  small  particles 
of;  as,  by  the  action  of  a  strong  acid  or 
a  caustic  alkali. 

Corrosion. — Chemical  action  which  causes 
destruction  of  the  surface  of  a  metal, 
usually  by  oxidation  or  rusting,  often  by 
the  disintegrating  influence  oi  stray  electric 


Corrugated  Iron, 


95 


Counter. 


currents  or  ground  return  currents  in 
electric  svstems,  known  as  eiedrolytie 
corroaion;  the  metal  may  be  also  eatea  B,wny  by 
the  action  of  acids  preMnt  in  water  or  in  the 
sanoundins  air.  To  nimininh  oonosion  of  ezpoeed 
suifaoeB.  paints,  oils,  or  other  protective  ooatingi 
axe  employed. 

CorruMted  Iroiu — Sheet  iron  pressed  or 
roUea  into  semicircular  corrugations  and 
galvanized;  much  used  for  roofing  purposes 
and  for  covering  the  sides  of  mate  or  less 
temporary  structures. 

CoFondiun. — ^A  hard  mineral  consisting  of 
crystalline  alumina.  Emery  is  a  dark 
colored  granular  varietv  of  the  same. 
Corundum  is  used  in  powder  of  varying  fine- 
ness, made  up  into  wheels  with  resins,  glue, 
etc.,  and  is  used  in  the  form  of  different 
instrumentB;  as.  files,  slabs,  wheels,  etc.  Glued  to 
some  cheap  cloth  it  is  used  by  metal  workers,  and 
known  as  am«ry  <Aoih, 

Cosine. — In  trigonometry,  the  sine  of  the 
complement  of  an  angle.  It  may  be 
represented  as  the  lentil  of  the  adjacent 
side  or  base  of  a  triangle,  of  which  the 
sine  is  the  perpendicular  or  opposite  side, 
or  as  the  ratio  existing  between  the  adja- 
cent side  Gt  base  and  the  hypotenuse. 
Abbreviated  as  cos,  or  conn, 

Cociiie  Iiair. — The  intensity  of  illuminati<Hi 
received  obliquely  is  proportional  to  the 
cosine  of  the  angle  which  the  luminous 
rays  make  with  the  normal  to  the  illum- 
inated surface. 

Cociiinfloid* — ^A  curve  made  up  of  cosines. 

CotaACpent. — In  trigonometry,  the  tangent 
of  the  complement  of  an  arc  or  angle. 

Cotter. — A  wedge  or  taper  key  used  to 
fasten  parts  of  machinery  together. 

Cotter  Pin. — A  split  key;  properly  a  head- 
less taper  split  pin,  driven  mto  its  hole  and 
expanaed  at  the  small  end  so  that  it 
cannot  jar  loose. 

Cotton  Waste. — ^Refuse  thread  from  the 
operations  of  spinning  and  weaving  cotton, 
largely  used  in  cleaning  machinery,  and 
also  for  packing  axle  boxes  of  railway  cara. 

Covlisee — 1.  In  carpentry,  a  grooved  piece 
used  for  covering  wires. 

2.  In  civil  engmeering,  a  pair  of  battens, 
or  a  groove  in  which  a  slmce  gate  moves 
up  and  down. 


Coulomb. — ^The  practical  unit  of  electrical 
mianHiy;  it  is  the  quantity  of  electricity 
delivered  by  a  current  of  one  ampere 
maintained  for  one  second  of  time.  A 
coulomb  of  electricity  would  pass  in  one 
second  in  a  circuit  whose  resistance  is  one 
ohm  when  the  preasuxe  is  one  volt;  the  quantity 
of  eleotridty  which  a  condenser  of  one  farad 
capacity  will  abwib  when  subjected  to  a  pressure 
of  one  volt.  The  coulomb  received  Its  name  in 
honor  of  the  French  experimenter. 

Coulombt    Charles    Au^fnetin. — Bom 

1736,  died  1806.  A  French  physicist  noted 
for  his  investigations  in  magnetism  and 
electricity.  In  1777  he  obtained  a  prise 
for  an  essay  on  the  construction  of  mag- 
netic needles,  and  later  gained  two  other 
prises  for  essays  on  mecluuiical  problems.  He  is 
best  known  as  the  inventor  of  the  torsion  balance. 
His  name  has  been  given  to  the  unit  of  electric 
quantity  in  recognition  of  his  services  to  electrical 
science.  During  the  later  years  of  his  life  he 
contributed  to  the  work  attending  the  intro- 
duction of  the  metric  system  by  the  French 
Qovemment. 

Coulomb  Meter. — ^An  instrument  for 
measuring  electrical  Quantity  by  indicating 
the  number  of  coulomos  which  pass  through 
a  circuit  in  a  given  time. 

Coloumb's  BalaAce. — ^An  instrument  for 
determining  by  the  torsion  of  a  wire  the 
action  of  the  forces  of  attraction  and 
repulsion  exhibited  between  two  electrified 
spheres. 

Coulomb's  Law. — ^The  law  of  electrostatics 
first  stated  by  Coulomb;  that  the  force 
exerted  between  two  charges  of  electricity 
is  directly  proportional  to  their  product, 
and  inversely  proportional  to  the  square 
of  the  distance  between  them. 

Coulomb  Volt. — A  term  sometimes  applied 
to  the  joidef  the  practical  C.  G.  S.  unit  of 
electric  energy. 

Counter. — 1.  A  mechanism  for  registering 
or  counting  the  revolutions  or  double 
strokes  of  an  engine  or  pimip.  In  an  engine 
counter,  water  meter,  or  similar  counter, 
whatever  number  of  counter  dials  (or 
wheels)  there  may  be,  the  right-hand 
alwsys  records  10;  the  next  to  the  left  100;  the 
3rd,  1,000;  the  4th,  10.000;  the  5th,  100,000;  and 
the  6th,  1,000,000.  Hence,  one  having  six  dials 
can  register  1,()00,000  revolutions.  When  a  counter 
has  completed  its  fuU  number  of  recording,  all 
the  numoers  will  show  sero.  to  which  must  be 
added  an  imaginary  one,  making  for  seven  dials 
or  wheels,  ten  millions;  and  the  next  stroke  of 
the  engine  will  begin  a  new  series  with  1,  etc. 
2.  Ine  overhang  of  a  ship's  stem. 
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CounterbalaAce. — In  engineering,  a 
weight  placed  opposite  a  crank  arm  to 
balance  the  revolving  weights  and  a  certain 
proportion  of  those  having  a  reciprocating 
action.  On  stationary  and  marine  engines, 
it  is  fixed  on  the  opposite  side  of  the  crank, 
but  the  usual  custom  with  locomotives  is  to 
dispose  of  it  upon  the  wheels  near  the  rim. 

Counter  Cloekirise  Motion* — ^A  circular 
motion,  ^e  reverse  of  the  movement  of  the 
hands  of  a  clock  as  seen  when  one  reads  the 
time;  left  handed  or  positive  rotation. 

CU>anter  Communication  Telephone 
Switch* — A  switch  device  for  a  silence 
telephone  cabinet  which  makes  it  impos- 
sible for  a  person  desiring  to  use  the 
telephone,  to  call  up  the  central  office 
without  first  obtaining  the  consent  and 
co-operation  of  the  attendant  in  charge. 

Counter  Electromotive  Force* — ^An  op- 
posing electromotive  force  which  resists 
the  current  in  a  circuit.  It  is  an  element 
to  be  often  reckoned  with  in  electrical 
work.  In  motors  the  rotation  of  the 
armature  tends  to  set  up  a  coimter  £.  M.  F. 
which  reduces  the  %mpre»8ed  E.  M  F.;  i.  g..  tiie 
driving  force  applied  to  the  terminalB.  Wher- 
ever in  an  electnc  circuit,  current  flows  through 
some  portion  of  the  circuit  in  which  there  ia  an 
electromotive  force,  tiie  current  will  there  other 
recMve  or  give  up  energy  according  to  whether 
the  electromotive  force  acts  tnth  the  current  or 
against  it.  Thus,  in  a  circuit  in  which  there  is  a 
^namo  and  a  motor,  suppose  each  to  be  rotating 
right  handedly  and  therefore  generating  an  elec- 
tromotive force  tending  upwards  from  the  lower 
brush  to  the  higher.  In  each  case  the  upper 
brush  is  the  podtive  one.  But  in  the  dynamo, 
where  energy  is  being  supplied  to  the  circuit,  the 
electromotive  force  is  in  the  same  direction  as  the 
current:  whilst  in  the  motor  where  work  is  b^ng 
done,  and  energy  is  leaving  the  circuit,  the  elec- 
tromotive force  IS  in  a  direction  which  opposes 
the  currait. 

Counter  Electromotive  Force  Cell. — 

1.  A  cell  set  in  the  circuit  of  a  storage 
battery  to  oppose,  and  thus  reduce  the 
charging  current  by  the  action  of  electrol- 
ysis. 

2.  Extra  storage  battery  cells  intended 
to  maintain  normal  pressure  in  the  battery  when 
it  is  to  be  charged  at  an  excessive  pressure. 

Counter  Electromotive  Force  Li^ht- 
ninff  Arrester. — ^A  lightning  arrester, 
whicn,  upon  receiving  a  cSscharge  of  light- 
ning, generates  by  induction  a  counter 
electromotive  force  to  counteract  the  effect. 
It  acts  on  the  principle  of  a  choking  coil. 

Counter  Electromotive  Force  of  Arc. 

— ^A  coimter  electromotive  force  occurring 


in  a  voltaic  arc  between  two  carbons, 
resulting  in  a  loss  of  potential  at  the  crater 
of  the  arc  owing  to  the  volatilization  of  the 
carbon. 

Counter  Electromotive  Force  of  Con- 
vective  Dischnrf^. — ^A  resistance,  sim- 
ilar to  a  counter  electromotive  force, 
offered  to  the  course  of  a  discharge  through 
a  vacuum. 

Counter  Electromotive  Force  of  Elec- 
trolgrsis. — ^A  counter  electromotive  force, 
occurring  in  the  plating  bath  in  the  process 
<^  electroplating. 

Counter  Electromotive  Force  of  Mu- 
tual Induction. — A  counter  electromo- 
motive  force  due  to  the  induction  betwcn^n 
circuits. 

Counter  Electromotive  Force  of  Po- 
Ubria&tion. — A  force  occurring  in  a  vol- 
taic cell  as  the  result  of  polarization  which 
conflicts  with  the  current  generated  by  the 
cell. 

Counter  Electromotive  Force  of  Self- 
induction. — ^An  electromotive  force  pro- 
duced in  the  primary  of  a  transformer  in  an 
alternating  current  circuit. 

Counter  Electromotive  Force  of  Stor- 
age Battery. — A  counter  electromotive 
force  developed  in  a  storage  battery  which 
resists  the  charging  current. 

Counter  Inductive  Effect. — ^The  resist- 
ance offered  to  an  electric  current  by  the 
force  due  to  the  effect  of  induction. 

Counter  Pressure. — A  pressure  which 
exerts  an  equal  and  opposite  force  to 
another;  reaction  of  one  pressure  against 
another;    back  pressure. 

Countersink. — ^A  conical  rose  bit  or  fluted 
reamer,  for  enlarging  bolt  holes  to  a  conical 
recess  for  the  reception  of  the  tapered  head 
of  the  bolt,  which  is  thus  let  into  the 
material  so  that  the  bolt  head  is  flush  with 
the  exterior  surface. 

Couple. — 1.  The  two  electrodes  of  a  voltaic 
oeC 

2.  A  pair  of  equal  and  parallel  forces 
acting  in  opposite  directions,  tending  to 
produce  a  motion  of  rotation  in  the  body 
acted  on. 

Coupled  Cells. — A  group  of  voltaic  cells 
connected  to  make  a  battery. 
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€U>aple  H»fl^etle« — ^The  turning  momeat 
which  tends  to  rotate  a  magnetic  needle, 
placed  in  the  earth's  field,  into  the  plane 
of  the  magnetic  meridian;  the  total  force 
acting  on  either  pole  of  a  needle  free  to 
move  in  any  direction  is  equal  to  the 
strength  of  that  pole  multiplied  by  the 
total  intensity  of  the  earth's  field  at  that 
place. 

Coupling^. — 1  The  act  of  connecting  a 
group  of  electric  cells  so  as  to  form  an 
electric  battery.  Cells  may  be  coupled  in 
three  ways:  1,  series;  2,  paraUelf  and  3, 
series  muUiple,  A  series  connection  con- 
sists in  connecting  unlike  poles;  a  parallel 
connection  is  made  by  connecting  like  polee*  and 
a  series  multiple  connection  oonaistB  in  connect- 
ing in  paraUel  two  batteries  whose  cells  are  con- 
nected tn  aerieg. 

2.  The  uniting  of  a  number  of  dynamos  in 
laige  generating  stations  so  that  as  the  load 
fluctuates  it  can  be  shifted  from  one  to  anotiier 
as  the  case  requires;  or  when  the  load  exceeds  the 
capacity  of  the  largest  dynamo  in  the  plant  the 
output  of  one  can  be  added  to  that  of  another. 

3.  An  attachment  whereby  one  piece  of  mechan- 
ism conatmins  anotiier  part  to  follow  the  move- 
ments of  the  first;  it  may  be  an  absolutely  rigid 
connection  as  a  flanffed  coupling  to  unite  sections  of 
shafting  to^tiier;  flexible  within  limits,  as  a 
univerw  joint  or  a  diaphraom  coupling. 

Coiipliii£f  Bolt. — ^A  bolt  in  a  flanged  coup- 
ling connection,  generally  used  for  line 
shafting. 

Coupling  Box. — A  metallic  box  consisting 
of  a  cast  iron  shell  in  two  close  fitting 
halves,  for  the  purpose  of  properly  and 
conveniently  connecj.ing  the  ends  of 
electric  conductors  running  through  sec- 
tions of  underground  tubes. 

Couplings  Clajiip. — ^A  coupling  device  for 
maldng  an  electric  connection  between  the 
ends  of  underground  wires. 

Coupling  Joint* — A  flexible  section  of 
conductmg  material  for  uniting  the  ends 
of  the  wires  inside  the  connecting  boxes 
of  underground  electric  tubes. 

C.  P. — 1.  Abbreviation  for  candle  power. 
2.  Abbreviation  for  chemicaUy  pure, 

C,  R. — Abbreviation  for  conductor  resistance. 

Cracking. — In  chemistry,  the  process  of 
destructive  distillation,  or  heatmg  out  of 
contact  with  air,  in  which  most  organic 
bodies  undergo  a  complex  decomposition, 
a  number  of  fresh  bodies  being  formed  by  a 
rearrangement  of  the  atoms  imder  the  in- 
fluence of  the  heat. 


0.«  R.  Activity.— The  electric  activity 
wasted  in  heating  the  conductor,  caused  by 
the  opposition  offered  to  the  flow  of  the 
current  by  the  mass  of  the  conductor;  the 
I*R  activity. 

Cradle  Dynamometer. — A  method  of 
measuring  the  mechanical  energy  of  a 
dvnamo  by  suspending  it  in  a  cradle  and 
observing  the  torque  produced  about  the 
axis  of  the  cradle. 

Cradle  Suspension  of  Car  Motor. — A 

method  of  adjusting  the  motor  of  a  street 
railway  car  upon  its  truck  by  resting  it 
upon  a  cradle  supported  by  springs. 

Crampoon. — 1.  A  hooked  piece  of  iron, 
something  like  double  calipers,  for  raising 
stones,  lumber,  and  other  heavy  materials; 
also  called  crampon. 

2.  An  iron  attached  to  the  foot  for 
walking  on  ice,  or  climbing  telegraph  poles, 
etc. 

Crane. — ^A  machine  for  hoisting  and  lower- 
ing heavy  weights.  It  consists  of  a  vertical 
post  or  frame^  which  is  rotatable  on  its 
axis,  and  a  jib  or  projecting  arm  over 
which  the  chain  or  rope  passes  on  its  way 
from  the  winch  at  the  foot  of  the  post  to 
the  load  to  be  lifted.  Cranes  are  arranged  to  be 
operated  by  hand,  steam,  hydraulic  power  or 
electricity;  they  may  also  be  operated  by  means 
<^  endless  ropes  or  shafting  and  worm  gearing 
from  another  source  of  power. 

Crank. — In  mechanics,  a  lever  formed  at 
right  angles  to  a  shaft  or  keyed  thereto, 
by  means  of  which  the  shaft  may  be  turned 
or  the  motion  of  the  shaft  be  imparted  to 
another  mechanism.  The  crank  is  the 
common  device  for  converting  reciprocat- 
ing motion  into  rotary;  as,  in  the  ordinary 
direct  acting  engine. 

Crank  Case. — ^In  engineering,  the  casing 
surrounding  the  moving  parts  of  a  small 
engine,  protecting  them  against  dust  and 
damage,  and  acting  as  part  of  the  framing 
in  supporting  the  cylinders. 

Crank  Chamber. — ^The  enclosed  space  of 
a  small  high  speed  engine  or  of  an  internal 
combustion  motor;  usually  made  water 
tight,  so  that  there  may  be  carried  oil  or  oil 
and  water  up  to  the  shaft  level,  in  which 
the  cranks  dip  at  every  revolution,  splash- 
ing the  lubricant  over  the  moving  parts. 
When  no  fluid  is  contained  in  the  chamber, 
it  is  generally  termed  a  crank  case. 
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Cranking* — ^In  motor  cars,  the  act  of  rota- 
ting the  motor,  by  means  of  a  handle,  in 
order  to  start  it;  turning  it  over  Until  the 
explosive  charge  is  ignited  by  an  electric 
spark. 

Crank  Pin. — ^The  cylindrical  stud  or  pin  at 
the  extremity  of  a  crank,  opposite  to  the 
shaft  and  parallel  with  it,  which  affords 
attachment  for  the  link  or  connecting  rod 
by  which  the  crank  shaft  is  turned. 

Crank  Shalt. — ^The  main  shaft  of  an  en- 
gine in  which  are  formed  the  cranks  for 
converting  the  reciprocating  motion  of  the 
pistons  into  the  rotary  motion  of  the 
shafting.  There  are  great  varieties  of 
forms,  depending  upon  the  type  of  engine. 
Small  sizes  are  frequently  bent  from  cy- 
lindrical bars. 

Crater  of  Are. — The  concave  effect  pro- 
duced upon  the  top  of  the  positive  carbon 
of  an  arc  lamp  by  tne  action  of  the  current. 

Creeping^. — ^The  depositing  of  salts  from 
the  solution  upon  the  sides  of  a  voltaic  cell 
by  the  action  of  capillaritv,  and  the 
gradual  further  creeping  up  of  the  deposit 
which  takes  place  unless  prevented  by  the 
application  of  a  coat  of  paraffin  to  the 
walls  of  the  cell,  or  a  layer  of  oil  upon  the 
surface  of  the  solution;    saline  creeping. 

Creeping^  of  Belt. — ^The  slip  of  the  belting 
upon  the  driven  pulley  so  that  the  speed 
of  the  driving  pulley'  is  not  fully  trans- 
mitted. 

Creeping  of  Current. — 1.  The  polariza- 
tion occurring  in  the  solution  of  a  primary 
cell. 

2.  The  spreading  of  an  electric  discharge 
over  the  surface  of  a  non-conductor. 

Creosote. — ^An  oily  liquid  with  a  charac- 
teristic smoky  smell,  obtained  by  dis- 
tillation from  that  portion  of  wood  tar 
(principally  beechwood),  which  distills 
between  400°  and  425°,  or  that  portion  of 
coal  tar  which  distills  between  450°  and 
tf  10°.  Wood  creosote  is  colorless,  that  from 
coal  tar  is  greenish.  It  is  used  for  pickling 
wood  to  preserve  it,  and  as  a  disinfectant. 

CreoBotin^. — ^The  process  of  impregnating 
timber,  with  creosote  as  a  preservative. 
The  kiln  or  creosoter  is  a  circular  tube 
perhaps  100  feet  long,  into  which  four 
wheeled  trucks  are  run,  these  being  loaded 


with  the  sleepenao  as  to  correspond  with  tiie  cto&b- 
section  of  the  kiln.  The  door  is  sealed  when  fulU 
external  steam  heatapplied  and  an  exhausting  air 
pump  set  in  motion  to  draw  all  air  and  moisture 
from  the  pores  of  the  wood  and  the  interior  of  the 
kiln.  When  a  sufficiently  high  vacuum  is  attained, 
boiling  creosote  is  forced  into  the  kiln  until  a  pres- 
sure oi  16  to  25  lbs.  per  sq.  inch  is  reached,  the 
pressure  being  maintamed  until  the  timber  can  ab- 
soibnomore.  The  superfluous  creosote  is  then  run 
off,  the  door  opened,  and  the  cavB  hauled  out;  the 
sleepere  being  stacked  in  the  stock  yards  by 
overfamd  transporters. 

Critlu — ^A  weight  of  one  liter  of  hydrogen 
at  a  temperature  of  0^  Centigrade  and  a 
barometric  pressure  of  760  millimeters; 
proposed  as  the  unit  of  weight  for  gaseous 
substances. 

Critical  An^^le. — ^In  optics,  the  angle  of 
incidence  beyond  which  rays  of  light 
striking  the  surface  of  a  medium  are  no 
longer  refracted  into  that  medium,  but  are 
totally  reflected  from  it. 

Critical  Current. — ^That  strength  of  an 
electric  current  required  to  bring  about 
some  special  effect  m  electric  operation. 

Critical  Current  of  Dynamo. — ^The  cur- 
rent generated  by  a  dynamo  such  that  a 
slight  effect  upon  its  speed  may  have  a 
great  effect  upon  its  electromotive  force, 
and  is  represented  upon  the  characteristic 
curve  by  a  bend,  or  distinct  deflection 
from  the  straight  line. 

Critical  Current  of  Magnetisation. — 

The  current  applied  to  magnetise  an  iron 
core  such  that  a  slight  increase  in  its 
strength  wiU  greatly  increase  the  magneti- 
zation. 

Critical  Distance  of  Lateral  Dis- 
char^. — The  distance  at  which  an  elec- 
tric discharge  will  cross  an  air  gap  rather 
than  follow  a  metallic  conductor  having 
given  resistance. 

Critical  Pressure. — In  phjrsics,  the  pres- 
sure causing  the  liquefaction  of  a  gas,  at 
or  about  its  critical  temperature. 

Critical    Speed    of   Dynamo. — 1.  The 

speed  of  rotation  necessary  for  a  dynamo  to 
begin  to  excite  its  field. 

2.  The  speed  at  which  both  the  series 
and  shunt  coils  of  a  compound  wound 
dynamo  generate  the  same  potential  when 
the  full  load  is  carried,  as  would  be  gen- 
erated on  open  circuit  using  the  shunt  coil 
alone. 

Critical  Temperature. — ^In  physics,  the 
temperature  at  which  a  given  substance 
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be^ns  to  change  its  state;  as,  from  a 
solid  to  a  liquid  or  vice  versa.  The  ciitical 
temperature  of  gases  is  one  above  which  it 
is  impossible  to  Uquef  y  them.  The  volume 
at  this  point  is  teimea  the  criiieal  volume^  and  this. 
to0ether  with  the  temperature,  and  the  necessary 
Pleasure  to  produce  uquefaction.  are  sometimes 
teaned  critical  data, 

€>  R  IiOS8.^The  loss  of  energy  of  an  elec- 
tric current  in  passing  through  a  conductor. 

Crocker*  Francis  Bacon. — ^Bom  1861. 
I  An  American  electrical  engineer,  noted  for 
I  his  special  researches  in  connection  with 
I  high  potential  direct  current  dynamos, 
unipolar  dynamos,  electric  motors  and 
batteries,  electrochemistry,  and  the  auto- 
matic regulation  of  alternating  current 
systems. 

Crookes*  Dark  Space.— A  space  at  the 
negative  electrode  of  a  highly  rarefied 
tube  through  which  an  electric  discharge 
is  passing,  which  appears  dark  in  contrast 
to  the  luminous  effect  of  the  discharge,  and 
which  increases  with  the  exhaustion  of  the 
tube;  sometimes  called,  Crookes*  layer, 

Crookes*  Effect^^Tho  radiant  effect  pro- 
duced in  a  vacuum  glass  tube  in  which  the 
exhaustion  has  been  carried  to  a  high 
degree,  when  electricity  is  discharged 
throu^  it  between  suitable  electrodes.  It 
receives  its  name  from  Sir  William  Crookes 
who  discovered  the  phenomenon. 

Crookes*    Electric    Radiometer. — An 

instrument  for  exhibiting  the  force  of 
active  radiant  matter  in  a  vacuum  by  the 
application  of  electricity. 

Crookes'  Radiometer. — ^An  instrument 
for  exhibiting  the  transformation  of  radiant 
energy  into  mechanical  work.  It  consists 
of  four  slender  vanes  bearing  discs  of 
pith  resting  bn  a  needle  and  free  to  turn 
upon  it;  the  whole  enclosed  in  a  glass 
vessel  from  which  the  air  has  been  exhausted. 
The  impact  of  radiant  eueisy  asainst  these  discs 
causes  them  to  revolve  as  iFdriven  by  the  move- 
ment of  air. 

Crookes,  Sir  William.— Bom  1832.  An 
English  chemist  and  electrician,  noted  for 
his  researches  in  connection  with  radiant 
matter  and  high  vacua.  He  discovered  a 
new  metal,  SiaUium  (1861),  a  sodiimi 
amalgamation  process  for  separating  gold 
and  silver  from  their  ores  (1A65\  and  a  new  method 
for  speotroscopio  investigations.  He  invented  the 
radiometer,  and  later  an  improvement  upon  it 
which  he  caOed  the  otheoscope.  His  name  has 
been  given  to  the  vacuum  tube  by  means  of  which 
he  discovered  cathode  rays  (1873). 


Crookes*  Tubes. — Glass  vacmun  tubes  in 
which  exhaustion  has  been  carried  to  a 
very  high  degree,  containing  platinum 
wires  terminating  in  metallic  plates.  By 
passing  into  such  tubes  a  current  from  an 
mduction  coil,  luminous  phenomena  are 
seen  which  illustrate  the  character  of 
radiant  gaseous  matter. 

Cross. — 1.  An  interference  due  to  contact 
or  similar  cause  between  neighboring 
telegraph  or  telephone  circuits. 

2.  Any  accidental  contact  between  elec- 
tric wires  or  conductors. 

Cross  Ampere  Turns. — Ampere  turns  on 
the  armature  of  a  dynamo  opposed  to  the 
magnetization  of  the  magnetic  field. 

Cross  Arm. — A  bar,  usuallv  of  wood,  at- 
tached horizontally  to  a  pole  to  serve  as  a 
support  for  the  insulators  carrying  over- 
head electric  wires;  a  telegraphic  arm. 

Cross  Arm  Bolts. — Special  bolts  designed 
for  securing  cross  arms  to  the  poles. 

Cross  Arm  Brace. — A  brace  of  galvanized 
iron  employed  in  pairs  to  reinforce  and 
stiffen  the  cross  arms  on  telegraph  and 
telephone  poles. 

Cross  BendincT  Strain. — The  strain  act- 
ing in  a  transverse  direction  on  hori- 
zontal engine  beds,  punip  beds  and  base 
plates,  due  to  the  thrusts  of  the  rods. 
To  reduce  this  to  a  minimum,  the  centers 
of  the  cylinders  and  rods  are  kept  as  low 
down  as  possible,  lessening  the  leverage 
hereby. 

Cross  Bondinff. — A  connection  made  be- 
tween the  ground  feeder,  or  conductor,  and 
the  rails  of  an  electric  railway  in  order  to 
preserve  a  return  circuit. 

Cross  Compound. — In  engineering,  a  term 
applied  to  a  design  of  compound  stationary 
engine,  in  which  the  high  and  low  pressure 
cylinders  form  distinct  and  separate  en- 
gines, each  upon  its  own  bed,  with  the  fly- 
wheel between  them,  the  cranks  being 
usually  overhung.  This  type  of  engine  is 
very  accessible  in  all  its  parts,  and  the  main 
bearings  are  easily  kept  in  line. 

Cross  Connected  Dynamo. — A  dynamo 
having  the  coils  of  its  armature  connected 
to  corresponding  bars  of  the  commutator. 

Cross  Connecting^  Board. — A  board  in 
telephone    or    telegraph    exchanges    into 
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which  the  terminals  of  the  line  are  assem- 
bled so  that  th^  may  be  readily  connected 
to  any  section  of  the  switchboard,  as 
desired;  a  distribiUing  board. 

Cross  Connecting  Conductors, — Con- 
ductors for  the  purpose  of  connecting  the 
line  terminals  to  the  different  sections  of 
the  switchboard. 

Cross  Current* — When  two  separately 
driven  alternators  are  coupled  in  parallel 
and  one  lags  behind  the  other  in  pnase;  a 
current  that  flows  for  a  brief  time  from  the 
leading  to  the  lagging  dynamo. 

Crossed  Arm  Ch^vemor. — ^In  engineer- 
ing, a  centrifugal  governor  whose  arms  are 
crossed;  that  is,  each  point  of  suspension 
is  on  tJbe  opposite  side  of  the  spindle  to  the 
weight.  This  causes  the  balls  to  vibrate 
in  a  parabohc  path,  ensuring  more  sensitive 
governing. 

Crossed  Belt. — One  employed  to  drive  a 
pulley  in  the  opposite  direction  to  its 
driver.  The  part  of  the  belt  going  from  the 
top  of  one  pulley  to  the  bottom  of  the  other 
is  turned  half  round  so  that  the  same  belt 
face  shall  be  in  contact  with  each  pulley, 
and  that  the  two  pai^  shall  be  edgewiM  where 
they  paas  each  other.  With  a  croned  belt  apeed 
eonea  may  be  of  straight  taper. 

Cross  Fire. — ^The  escape  of  electric  current 
from  one  telephone  or  telegraphic  line  to 
another  as  a  result  of  faulty  insulation.  An 
intermittent  or  swinging  cross  fire  is  often 
due  to  wires  which  are  too  slack,  being 
blown  occasionally  by  the  wind  into  con- 
tact. 

Crosshead* — ^In  engineering,  the  connec- 
tion between  the  piston  and  connecting 
rods  of  a  reciprocating  en^e.  With 
marine  engines  of  moderate  size,  and  many 
small  motors,  it  is  sometimes  an  enlarge- 
ment of  the  piston  rod.  In  stationary  and 
locomotive  work,  it  is  usually  a  separate  steel 
casting,  having  a  taper  socket  into  which  the 
piston  rod  is  oottered,  with  a  separate  pin  through 
the  jaws  of  a  double  eye  to  serve  as  a  gudgeon  on 
which  the  connecting  rod  vibrates.  In  large 
marine  ec^ines,  it  is  a  steel  block  into  which  the 
piston  rxxT  is  bolted,  a  projecting  arm  on  either 
side  affording  attachment  for  ihe  forked  end  of  the 
connecting  rod. 

Crossing  Cleat. — ^A  cleat  for  interior  wir- 
ing suitably  grooved  so  as  to  allow  electric 
wires  to  cross  one  another  without  making 
contact. 

Crossing  Freer* — A  frog  suspended  on  a 
troUey  wire  at  the  point  where  one  line 


branches  from  another,  for  directing  the 
trolley  wheel  to  the  proper  line;  a  troUey 
frog. 

Crossing  Wires. — ^A  temporary  expedient 
when  a  defective  section  is  found  to  exist 
in  a  telegraph  circuit,  for  preserving  the 
continuity  of  the  circuit  by  crossing  the 
wire  over  to  a  neighboring  line  till  the 
fault  is  remedied. 

Cross  Magnetisation. — Lines  of  magnet- 
ic force  set  up  in  the  windings  of  a  dynamo 
armature  which  oppose  at  right  angles  the 
lines  of  force  created  between  the  magnetic 
poles,  thus  tending  to  distort  the  field. 

Crossover  Block. — A  block  of  insulating 
material  designed  to  allow  an  electric  wire 
safely  to  cross  another  in  interior  wiring 
without  risk  of  making  contact. 

Cross  System. — A  method  of  running 
overhead  wires  to  counteract  the  tendency 
to  mutual  induction  between  neighboring 
circuits,  by  crossing  the  wires  at  intervals 
so  that  they  pass  each  other  in  frequently 
changing  relations. 

Cross  Talk. — Conversation  over  one  tele- 
phone circuit  overheard  in  the  telephone 
of  another  circuit,  when  their  wires  run 
side  by  side.  This  fault  is  due  almost 
entirely  to  electrostatic  induction. 

Cross  Wire  Suspension. — A  method  of 
suspending  an  arc  lamp  from  a  cross  wire 
by  block  and  pulley. 

Crow  Foot. — ^A  zinc  electrode,  suggesting 
a  crow's  foot  in  shape;  used  in  a  gravity 
cell. 

Crown. — 1.  The  higher  part  of  any  struc- 
ture or  thing  with  curved  outline;  as, 
the  central  part  of  a  roadway,  the  summit 
of  a  hill,  etc. 

2.  In  building,  the  highest  part  of  an 
arch  or  arched  structure. 

Crowning. — 1.  In  civil  engineering,  the 
curvature  given  to  the  surface  of  a  road- 
way, permitting  water  to  run  off  on  dther 
side. 

2.  In  mechanics,  the  convexity  given 
to  the  middle  of  a  pulley  rim,  thus  keeping 
the  belt  in  place  and  also  permitting  the 
latter  to  lie  in  a  more  natund  position,  while 
improving  the  adhesion. 
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Cro^m  of  Cups. — A  primitive  voltaic  bat- 
tery devised  by  Volta,  consisting  of  a  series 
of  vessels  filled  with  lime  or  dilute  sul- 
phuric acid,  each  one  of  which  contained  a 
plate  of  zinc  and  a  plate  of  copper  connected 
m  aeries,  the  isolated  zinc  and  copper  plates 
in  the  first  and  last  cell,  respectively, 
forming  the  terminals  of  the  battery. 

I 

Crown  Telephone  Receiver, — ^A  form  . 
of  receiver  having  a  cluster  of  permanent 
magnets  with  the  similar  poles  grouped  at 
the  pole  piece  within  the  coil,  and  the 
opposite  coil  connected  to  the  edge  of  the 
diaphragm. 

Crown  WheeL — In  mechanics,  a  wheel 
with  teeth  or  cogs,  set  at  right  angles  to 
its  circumference  instead  of  radially,  as 
in  spur  gearing.    Called  also  a  face  wned. 

Cmeible. — 1.  A  pot  made  of  clay,  plum- 
bago, or  other  refractory  material,  in 
winch  metals  or  alloys  are  melted. 

2.  The  lowest  part  of  a  blast  furnace, 
below  the  hearthy  within  which  the  molten 
metal  collects.  Its  floor  is  known  as  the 
sole, 

Cmeible*  Electric. — An  electric  furnace 
for  melting  substances  which  fuse  only  at 
very  high  temperatures;  the  heat  is  pro- 
duct by  an  electric  arc  within  the  furnace. 

Crucible  SteeL — ^A  homogeneous  steel, 
obtained  by  melting  pieces  of  suitable 
blister  steel  in  covered  crucibles  of  plum- 
bago and  fire  clay;  the  crucibles  are 
arranged  in  sixes  or  twelves  in  a  reverber- 

atory  furnace.  Several  crucibles  afe 
poured  amultaneously  by  well  drilled  workmen, 
to  aecure  uniformity.  This  steel  is  more  homo- 
Ceneous  than  shear  steH  and  possesses  greater 
tenacity,  with  a  fine  granular  structure.  By  the 
addition  of  manganese  carbonate  the  property  of 
weldabihty  is  restored  to  crucible  steel  and 
bxittleneos  is  corrected. 

Crasher. — ^A  term  sometimes  applied  to  a 
motor  used  to  reduce  the  pressure  on  a 
feeder  line  bjy  absorbing  the  extra  voltage, 
when  that  line  requires  less  pressure  than 
that  delivered  by  the  main  dynamo. 

Cmshlnff  Strain. — One  occasioned  in  a 
material  by  simple  compression;  as,  by 
pressure  on  a  column  in  the  direction  of 
its  length. 

Cmshiiiff  Stren^h. — ^The  ability  of  any 
materiaTto  resist  strains  due  to  compres- 
sive stresses.  Generally  speaking,  a  Dody 
which  exhibits  great  resistance  to  crush- 


ing is  deficient  in  tensile    strength;    as, 
cast  iron  or  concrete. 

CryptoBCope. — A  name  sometimes  given 
to  the  fluoroscope,  which  is  an  opaque  box 
or  tube  having  at  one  end  a  screen  coated 
with  fluorescent  material  for  the  purpose  of 
exhibiting  the  shadows  cast  by  X-rays. 

CrypioBcopic  Screen. — ^A  screen  coated 
with  fluorescent  matter  employed  in  the 
fluoroscope  in  X-ray  work;  a  fluorescent 
screen. 

Cryptoscopjr. — The  examination  of  the 
human  b^iy  by  the  use  of  X-rays  in 
connection  with  the  fluoroscope*  fiuoro- 
soopy. 

Crystal. — 1.  A  body  having  definite  in- 
ternal structure  with  the  external  form  of  a 
BoUd  enclosed  by  a  number  of  symmetri- 
cally arranged  plane  faces,  varying  in 
simplicity  from  a  cube  to  a  complex 
geometrical  form. 

2.  Clear,  pellucid  and  transparent,  like  ice. 

3.  Silica  or  quarti,  in  a  transparent  form;  so 
called  because  the  ancient  Greeks  believed  the 
gem  to  be  a  manifestation  of  ice. 

Crystal  Detector. — In  wireless  teleg- 
raphy, an  oscillation  detector  based  upon 
the  property  possessed  by  a  crystalline 
mass  of  carborundum,  of  acting  as  an 
oscillation  detector  when  supplied  with 
electrodes,  converting  the  oscillations  into 
direct  curtwit.  The  crystal  is  inserted  in  the 
circuit  of  the  antenna,  and  shunted  by  another 
circuit  containing  a  telephone  and  a  battenr. 
When  oscillations  are  set  up  in  the  anticnna,  sounds 
are  heard  in  tiie  telephone. 

Crystalline  Deposit. — In  electroplating, 
a  deposit  in  the  form  of  metallic  crystals 
due  to  an  esfcess  of  electric  current  through 
the  plating  bath. 

Crystallisation. — 1.  The  formation  of  sub- 
stances as  symmetrical  solids  or  crystals, 
which  are  definite  geometrical  figures 
bounded  by  flat  surfaces.  To  the  chemist 
and  mineralogist  the  form  and  appearance 
of  the  crystal  are  generally  sure  indications 
qS.  its  constitution. 

2.  The  arrani^ement  of  the  molecules  of  a  fluid 
substance  or  Bquid  into  crystalline  bodies  on 
ooolins,  or  through  thickening  by  evaporation, 
as  with  saline  solutions. 

3.  The  rearrangement  of  the  molecules  of  a 
metal  into  crystalline  structure  under  alterations 
of  stress  or  overload,  as  with  a  crane  chain  or  a 
steel  rail 

4.  The  depositing  of  crystals  in  a  metal  by  the 
action  of  electrolysis. 

Crystallisation,  Electric. — ^The  trans- 
formation  of   a   substance   by   electrical 
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means  into  a  OTstalline  form.  For  in- 
etance,  silver  nitrate  in  solution  may  be 
decomposed  by  a  current  and  yield  crystals 
of  metallic  silver. 

CryBtailiaation  of  Iron* — ^This  is  afifected 
by  the  conditions  under  which  it  ia  cooled. 
If  cooled  rapidly  against  a  cold  metallic 
surface  it  becomes  chilled,  and  the  crystals 
are  long  and  needle-like.  If  cooled  uowly 
the  crystals  are  large  and  the  grain  is 
coarse.  Crystals  which  are  nea^  the  surface  always 
arrange  themselves  at  right  angles  to  the  surface. 
Crystals  near  the  surface  are  aiwayv  smaller  than 
those  nearer  the  central  portions.  The  crystals 
of  graphite  mingled  amon^  those  of  the  iron  are 
also  affected  by  the  conditions  of  cooling,  remain- 
ing uncombined  in  metal  cooled  slowly,  but 
entering  into  chemical  combination  when  cooled 
rapidly. 

Crystalloids. — A  class  of  bodies  which,  in 
a  state  of  solution,  diffuse  easily  through 
organic  membranes,  and  are  crystalline 
in  structure.  Crystalloids  are  opposed  to 
coUrndSf  from  which  they  may  be  separated 
by  a  process  called  dialyHa. 

Cube* — A  rectangular  solid,  measuring  the 
same  lineally  in  the  three  directions  of 
length,  breadth  and  thickness.  Its  con- 
tents are*  equal  to  the  product  of  the  lineal 
measurement  of  each  aimension,  hence  the 
third  power  of  a  number  is  termed  its  cufte, 
as  it  represents  the  product  of  three  factors,  each 
equal  to  the  stated  number.  This  is  written  a* 
or  a  cubed^  as  it  equals  aaa  or  axax  a. 

Cube  Knot* — A  unit  of  volume  applied  in 
measuring  the  resistance  of  the  insulation 
in  submarine  cables. 

Cubic  Foot. — ^The  volume  contained  within 
a  space  one  foot  long,  one  foot  broad  and 
one  foot  deep;  12*  or  1728  cubic  inches, 
and  %«  or  i^t  of  a  cubic  yard.  The  usual 
unit  of  capacity  in  dealing  with  fluids  or 
liauids,  except  for  purposes  of  buying  and 
selling,  when  either  weights  or  gallons  are 
employed. 

Cubic  Yard. — ^The  customary  unit  for 
measuring  excavations,  embankments,  and 
also  concreting  and  masonry.  It  is  an 
equivalent  volume  to  that  of  a  six  sided 
figure  or  cube,  each  edge  of  which  measures 
one  yard  or  three  feet. 

Culm. — A  name  applied  to  various  classes 
of  coal,  originally  a  Devonshire  name  for  an 
impure  form  of  coal  found  locally.  Else- 
where it  means,  (a)  slack  coal;  (o)  breeze, 
as  used  in  brick  burning;  (c)  waste  coal, 
mixed  with  slate  or  rubbish;  (d)  the  dust  or 


refuse  of  Penn^lvania  anthracite,  or  the 
same  when  found  in  an  impure  or  pulverul- 
ent state. 

CumuUirtiTe* — Composed  of  parts  in  a 
heap;  forming  a  mass;  aggregated;  aug- 
menting; gaining,  or  giving  force,  by 
successive  additions. 

Cup. — ^A  term  largely  applied  to  many  me- 
chanical details  which  present  a  iissem- 
blance  to  a  drinking  cup,  either  in  form  or 
in  use;    especially: 

In  lubrication,  a  vessel  or  small  funnel 
for  receiving  oil,  etc.,  and  conveying  it  to  a 
machinery  part;  an  oil  cup. 

Cup  Brush. — A  brush  for  polishing  the  in- 
ner surfaces  of  cup  shaped  objects  in 
preparation  for  electroplating. 

CupeL — In  metallurgy,  a  small  shallow 
dish  about  an  inch  in  aiameter,  upon  which 
assaying  specimens  are  exposed,  within  the 
muffle^  to  the  heat  of  the  furnace.  The 
cupel  must  be  porous  and  very  absorbent, 

and  is  usually  made  from  ashes  of  the  biunt 
bones  of  sheep  and  horses,  washed  repeatedly, 
prened  into  form  by  means  of  a  mould  and 
pestle,  dried  and  ignited  to  expel  all  moisture. 

Cuprite. — The  red  oxide  of  copper;  red 
copper;  an  important  ore  of  copper  occur- 
ring massive  and  in  isometric  crystals. 

Cuprum. — ^In  chemistry,  the  technical  name 
for  copper.    Abbreviated  Cu. 

Cup  Valve. — 1.  In  steam  engineering,  a 
cup  shaped  or  conical  valve  which  is 
guided  by  a  stem  to  and  from  its  flaring 
seat. 

2.  A  form  of  balance  valve  which  opens 
simultaneously  on  top  and  sides. 

3.  A  valve  formea  by  an  inverted  cup 
over  the  end  of  a  pipe  or  opening. 

Curbed  Signals. — ^Telegraphic  signals 
transmitted  by  the  process  of  curb  sig- 
naling. 

Curbing^. — ^Applying  the  process  of  curb 
signaling  to  the  transmitting  of  cable 
messages. 

Curb  Key. — ^In  telegraphy,  a  special  key 
designed  for  curb  signaling  over  a  sul>- 
marine  cable. 

Curb  Sender. — ^In  submarine  telegraphy, 
an    automatic    signaling    apparatus    for 
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insuring  sharply  distinct  messages,  b^ 
sending  curbed  signals.  The  message  is 
punch^  on  a  strip  of  paper  and  passed 
through  the  transmitter  by  clockwork. 

Curb  SignftUng, — ^A  method  of  signaling 
through  a  submarine  cable  so  as  to  prevent 
confusion  due  to  induction,  in  which  the 
original  powerful  signal  is  followed  by  one 
or  more  weak  reversed  currents  which  have 
the  effect  of  hastening  the  main  signal 
through  the  cable. 

Curie*  BIme.  Marie  Sklodo^rskaM — Bom 

1867.  A  French  scientist,  widow  of  the 
late  Pierre  Curie,  and  joint  discoverer,  with 
him,  of  radium  (1898). 

Curie*  Pierre.--Bom  1859,  died  1906.  A 
French  scientist.  In  1896  he,  together  with 
his  wife,  began  the  study  of  Becquerel  rays, 
which  resulted  in  the  discovery  of  two  new 
metallic  elements,  polonium  and  radium 
(1898).  In  1903  they  jointly  received  the 
Davy  medal  of  the  Royal  Society  of 
London,  and  shared  in  the  Nobel  price.  In  1904 
Curie  was  made  professor  of  physics  at  the  Sor- 
bonne  and  the  next  year  a  member  of  the  Institute 
of  France. 

Current  Aecwmwljfctor. — ^An  apparatus 
for  strengthening  an  electric  current  by 
moving  a  conductor  through  the  influence 
of  that  current,  so  that  the  induced  currents 
in  the  conductor  act  upon  the  circuit  to 
increase  its  strength. 

Current  Commuter, — ^A  name  sometimes 
given  to  the  commutator  of  a  dynamo 
armature,  which  commutes  the  currents 
generated  in  the  armature  into  a  uniform 
direction. 

Current  Density. — 1.  The  current  inten- 
sity at  any  point  in  a  conductor,  as 
related  to  the  area  of  the  cross  section  at 
that  point.  According  to  Thompson  the 
current  density  in  the  armature  wire  of  a 
dynamo  should  not  exceed  2500  amperes 
per  square  inch  of  area  of  cross  section  ol  con- 
ductor. 

2.     In    electroplating,  the   current  strength  in 
relation  to  the  amount  of  metal  deposited. 

Current  Direction  Indicator, — ^A  de- 
vice for  indicating  whether  or  not  the 
direction  of  the  current  in  a  circuit  is 
properly  preserved. 

Current  Distribution. — The  transmission 
of  electricity  to  different  points  through  a 
system  of  distributing  conductors. 


Current  Diverter. — ^An  occasional  name 
for  the  rheostat  used  in  trolley  car  motors. 

Current  Elllciency  of  Storage  Bat- 
tery.— ^The  relation  between  the  amount 
of  available  electric  energy  put  out  by  a 
storage  battery,  and  the  amount  of  elec- 
tricity absorbed  by  the  battery  in  obtaining 
its  charge. 

Current,  Electric. — 1.  The  flow  of  elcc- 
trical  eneror  along  a  conductor  from  the 
higher  to  the  lower  of  two  points  having 
different  potentials.  The  "  flow  "  is  simply 
the  effort  to  equalize  the  two  potentials 
just  as  water  runs  from  a  higher  to  a  lower 
level,  or  pressure;  and  the  current  may  be  main- 
tained by  preserving  a  constant  difference  of 
potential  between  the  two  connected  points. 

2.  The  amount  of  sudi  electrical  ettergy  flowing 
per  second  along  a  conductor  under  a  constant 
difference  of  potential 

Current  Equaliaer. — A  mechanism  for 
regulating  the  strength  of  the  current  in 
charging  a  storage  littery,  and  similarly, 
of  the  current  strength  derived  from  a 
storage  battery. 

Current  Govemor. — ^Any  regulating  de- 
vice for  preserving  the  strength  of  an 
electric  current  imiform  throughout  the 
circuit. 

Current  Induction. — An  induced  E.  M.  F. 
produced  by  an  electric  current  in  one 
circuit  and  imposed  upon  another  circuit, 
because  some  of  the  Imes  of  force  in  one 
circuit  cut  the  lines  of  the  other;  mutual 
induction. 

Current    Induction    Teleg^raphy.  —  A 

method  of  telegraphy  from  a  moving  train, 
based  on  the  principle  of  induction  l^tween 
an  outside  curcuit  and  a  circuit  running 
parallel  to  it  on  the  train. 

Current  Meter. — ^An  instrument  for  meas- 
uring the  strength  of  an  electric  current. 
For  example,  an  ammeter  is  a  current  meter 
showing  by  direct  reading  the  number  of 
amperes  of  current  flowing  through  a 
circuit. 

Current  Recording  Meter* — ^An  amme- 
ter which  records  as  well  as  indicates 
current  strength. 

Current  Reverser. — Any  switching  in- 
strument for  reversing  a  current. 

Current  Rush. — ^An  impetuous  rushing  of 
electricity  which  takes  place  upon  con- 
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necting  a  transformer  into  an  alternating 
circuit. 

Current  Sheet. — ^An  electric  current  spread 
over  a  conducting  surface  and  conceived 
of  as  flowing  in  the  form  of  a  sheet. 

Currents  of  Motion* — ^Electric  currents 
said  to  pass  through  muscular  or  nerve 
tissues  in  the  human  bodv  when  they  are 
suddenly  contracted  or  relaxed. 

Currents  of  Rest. — ^Electric  currents  said 
to  exist  in  hmnan  muscular  and  nerve 
tissue  when  in  a  state  of  rest. 

Current  Spiral. — ^A  spiral  coil  of  conduct- 
ing wire  tnrough  which  an  electric  current 
flows. 

Current  Streamlets. — Slender  threads  of 
electricity  supposed  to  flow  in  parallel 
lines  through  the  mass  of  a  conducting 
body. 

Current  Stren^^. — 1.  The  amount  of 
electricity  that  passes  any  cross  section  of 
a  circuit  m  a  second  of  time. 

2.  In  a  continuous  current,  the  relation 
of  the  electromotive  force  to  the  resistance 
of  the  circuit. 

3.  In  an  alternating  current,  the  relation 
of  the  electromotive  force  to  the  impedance 
of  the  circuit. 


Current  Transformation. — ^The  chang- 
ing of  the  character  of  a  current,  as  when  a 
direct  current  is  changed  to  an  alternating 
current,  or  a  low  tension  current  to  one 
of  high  tension. 

Current  Turns. — ^The  relation  of  the  cur- 
rent flowing  through  a  coil  oi  wire  to  the 
number  of  turns  in  that  coil. 

Current  Wave. — 1.  A  succession  of  wave 
like  motions  set  up  in  the  medium  sur- 
rounding an  active  electrical  conductor. 

2.  An  electric  current  flowing  along  a 
conductor  in  successive  waves  as  a  result 
of  varying  the  electromotive  force  supplied 
to  the  circuit. 

Curve  Guy  Poles. — Guy  poles  set  at  the 
curves  in  a  trolley  line,  to  which  the 
trolley  wire  is  braced  by  wire  gays  in  order 
to  preserve  the  proper  relations  of  the 
Tvire  in  making  the  curve. 

Curve  of  Cross  System. — ^In  the  cross 
over  system  of  overhead  wiring,  in  order  to 


nullify  the  influence  of  induction,  the 
ciurve  made  in  the  wire  at  the  cross  arm 
where  the  change  is  made  in  the  relations 
of  neighboring  wires. 

Curve  of  Expansion. — In  engineering, 
the  cm^e  traced  by  the  pencil  ofan  indi- 
cator during  the  expansion  of  steam  or 
other  working  fluid,  after  cut  off  It  is 
generally  compared  with  two  other  curves, 
isothermal  ana  otdiabatic,  for  purposes  of 
comparison. 

Curve  of  Sines. — ^The  curve  representing 
graphically  the  vibration  of  a  body  oscil- 
lating like  a  pendulum  according  to  the 
law  of  simple  harmonic  motion,  having  its 
abscissas  proportional  to  the  angle  in  its 
circle  of  reference,  and  its  ordinates  to  the 
ane  of  the  angle:  it  forms  a  so-called  sinusoidal, 
or  simple  harmonic  curve.  In  an  altemattng 
current,  the  value  of  the  electromotive  force  may 
be  represented  at  any  moment  by  the  curve  of 


Curve  of  Torque. — One  of  the  character- 
istic curves  of  a  motor  or  dynamo  show- 
ing the  relations  between  the  torque  and 
current. 

CurveSf  Ma^^etic. — If  iron  filing  be 
rorinkled  on  a  sheet  of  paper  held  m  the 
field  of  a  magnet,  the  fihngs  on  gently 
shaking  the  paper  will  arrange  themselves 
in  magnetic  curves  indicating  the  direc- 
tions of  the  lines  of  force  of  me  magnetic 
field. 

Cushioning. — The  compression  <rf  steam 
behind  the  piston  of  a  steam  engine, 
occasioned  by  closing  the  exhaust  before 
the  completion  of  the  stroke.  The  cush- 
ioning serves  to  absorb  the  inertia  of  the 
moving  parts  and  brings  the  piston  to 
rest,  preparatory  for  the  next  stroke. 

Cushioning  Chamber. — ^A  device  in  a 
variety  of  mirror  galvanometer  for  bringing 
the  vibrations  of  the  mirror  quickly  to 
rest. 

Cut  Ctoars. — ^A  term  applied  to  toothed 
wheels  whose  cogs  have  been  formed  by  a 
machine,  as  distinguished  from  those  whose 
teeth  have  been  moulded  or  cast.  The 
former,  being  mechanically  accurate,  re- 
quire less  clearance,  and  therefore  run  witii 
less  noise. 

Cut  In. — To  insert  a  conducting  appliance 
or  medium  into  an  electric  circmt;  to 
switch  on. 
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Cut  Oft — In  engineering,  the  point  at  which 
the  motion  of  the  valve  doses  the  port 
opening  of  a  cylinder  to  steam,  causine 
tne  remainder  of  the  stroke  to  be  effected 
by  the  expansive  power  of  the  fluid.  It 
is  generally  expressed  as  a  fraction  or 
peroeatace  of  the  stroke,  but  aometimes  as  so 
many  inches.  Properly  speaking,  this  is  called 
the  apparent  cut  ojj  and  aoes  not  represent  the 
not  cut  off:  the  latter  b  obtained  by  adding  the 
clearance  to  the  apparent  cut  off  and  expresdng 
the  sum  as  a  percentage  of  the  stroke. 

Cut  Oir  Valve. — ^In  steam  engines,  a  sepa- 
rate slide  valve  fitted  to  control  the 
admission  of  steam,  when  it  is  necessary. 

Cut  Out. — 1.  To  take  out  a  conducting  de- 
vice or  medium  from  an  electric  circuit; 
to  switch  off. 

2.  An  electrical  device  to  interrupt  the 
flow  of  current  through  sjiy  particular 
apparatus  or  instrument,  either  auto- 
matically or  by  hand,  more  generally  by 
short  circuiting  than  by  actually  breaking 
the  current. 

Cut  Out  Block. — A  block  of  norcelain  or 
similar  non-conducting  material  containing 
a  safety  fuse. 

Cut  Out  Board. — A  board  for  the  purpose 
of  carrying  aEifety  fuses. 

Cut  Out  Box. — ^A  box  designed  to  hold  a 
cut  out  fuse. 

Cut  Out  Cabinet. — An  enclosure  in  a 
building  designed  for  the  acconmiodation 
of  cut  outs. 

Cut  Out  Switch. — ^A  mechanism  for 
switching  any  electric  device  out  of  its 
circuit. 

Cutting    and    Holding    Grapnel. — A 

grapnel  for  submarine  cable  work  so  con- 
structed that  it  automatically  cuts  the 
cable  after  gripping  it. 

Cuttinff  Lines  of  I'orce. — Causing  a  con- 
ductor to  pass  through  a  magnetic  field 
in  such  a  way  as  to  cut  the  lines  of  force 
and  thereby  generate  a  current. 

Cutting  H ippers. — ^A  sort  of  pincers, 
whose  jaws  are  sharpened  for  cutting  wire, 
etc.  They  are  dinerent  from  pliers,  as 
they  have  no  roughened  jaws  or  lips  for 
grasping  the  work,  their  function  being 
cuttmg  only,  either  at  the  side  or  the  front 
of  the  jaws. 


Cutting  Pliers. — Grasping  instruments 
for  wire  workers'  use,  having  usually  a 
square  nose  with  roughened  edges  for 
seizing  and  twisting  wire,  with  a  cutting 
blade  at  the  root  of  each  jaw  between 
which  the  wire  may  be  cut. 

Cyanide. — A  salt  of  hydrocyanic  acid, 
otherwise  regarded  as  a  compound  of 
cyanogen  with  a  metallic  base;  the  most 
important  are  the  cyanides  of  potassium, 
silver  and  mercury.  In  a  crystalline  form, 
cyanide  of  potassium  is  known  to  electro- 
platers  as  cyanide  povoder. 

Cyanide  Bath. — In  electroplating,  a  bath 
in  which  potassium  cyamde  forms  an 
important  ingredient. 

Cyanide  of  Potassium. — ^A  white  crystal- 
line solid,  highly  poisonous  and  a  powerful 
reducing  agent,  formed  either  by  stronely 
heating  potassium  ferrocyanide  or  oy 
neutralizing  hydrocyanic  acid  with  caustic 
potash.  This  cyanide  is  much  used  in 
photography,  electroi^latinc  and  laboratory  pro- 
cesses; a  weak  solution  readily  dissolves  finely 
divided  gold,  and  is  therefore  employed  to  treat 
slimes  and  poor  ores,  especially  those  which  have 
already  been  through  the  amalgamation  process. 
The  gold  JB  subsequently  precipitated  from  the 
solution  by  sine,  and  the  resultant  cake  is  refined 
by  cupellation. 

Cycle. — 1.  A  series  of  operations  forming  a 
closed  circle,  a  fresh  senes  beginning  where 
another  ends;  as  exemplified  in  the  course 
of  the  steam  with  a  marine  engine,  it  being 
generated  in  the  boilers,  passing  through 
pipes  to  the  engines,  doing  work  succes- 
sively in  the  various  cyKnden,  by  virtue  of  the 
elastic  force  stored  in  it  while  being  formed:  escap- 
ing at  a  low  exhaust  pressure  to  the  condenser, 
where  it  is  converted  into  water,  and  as  such, 
returned  to  the  boiler  once  more. 

2.  The  cycle  of  operations  within  the  cylinders 
of  an  internal  combustion  motor;  termed  Udo 
cycle  or  four  cycle  on  account  of  the  number  of 
strokes  of  the  piston  required  to  complete  the 
series  in  each  case. 

Cycle  of  Alternations. — A  full,  or  double 
alternation  of  an  alternating  electric 
current. 

Cycle  of  Magnetisation. — ^A  complete 
wave  of  magnetization  in  a  succession  of 
periods  of  magnetic  change. 

Cyclic  Magnetic  Variations. — Periodi- 
cally recurring  variations  in  the  earth's 
magnetic  declination,  taking  place  at  long 
intervals  of  time. 

Cyclic  Magnetisation. — ^The  magnetiza- 
tion caused  by  applying  cycles  of  magneti- 
zation to  a  susceptible  substance. 


Cyclic  Motion. 
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Cyclic Motioiu — Periodically  recurring 
motion. 

Cyclic  PluMC. — ^In  physics,  an  expression 
denoting  the  orderly  and  cyclic  succession 
of  the  various  motions  in  a  heat  engine; 
as,  pre-admission,  cutmission,  expansion, 
release,  exhaust,  compression,  in  a  steam 
engine;  and  suction,  compression,  explosion, 
exhaust,  in  an  internal  combustion  engine. 

Cyclic  Stability. — ^The  constant  condition 
of  an  electric  current  arrived  at  by  the 
uniform  periodicity  of  alternations  in  an 
alternating  current. 

Cyclometer. — An  instrument  for  register- 
ing the  number  of  revolutions  made,  or 
the  distance  measured,  by  a  wheel  or  other 
rotating  body. 

Cylinder. — 1.  A  circular  body  generated 
oy  the  rotation  of  a  straight  line  around 
an  axis  and  parallel  to  same;  a  bored  or 
hollow  surface  of  a  cylindrical  outline. 

2.  In  engineering,  the  essential  part  of  a 
reciprocating  engine;  consisting  of  a 
cylindrically  bored  chamber  with  sealed  ends,  in 
which  work  a  done  by  a  fluid  upon  a  pinton,  in 
moving  it  alternately  from  one  end  to  we  other. 

Cylinder  Capacity. — The  volume  of  a 
cylinder,  or  the  area  of  the  piston  multi- 
plied by  its  stroke,  and  therefore,  a  direct 
factor  in  the  measurement  of  the  power  of 
an  engine. 

Cylinder  Cover. — In  engineering,  a  circu- 
lar disc  of  cast  iron,  which  may  be  flat, 
ribbed  or  dished,  forming  the  steam  tight 
lid  of  a  cylinder,  usually  at  the  end  opposite 
to  that  through  which  the  piston  rod 
passes.    Usually  called,  cylinder  head. 

Cylinder  Jacket. — ^In  steam  engineering, 
an  annular  space  surrounding  the  cylinder 
waUs  and  through  which  live  steam  is  cir- 
culated to  lessen  or  prevent  condensation 
of  the  steam  within  tne  cylinder. 

Cylinder  Oil. — A  heavy  mineral  oil,  of 
considerable  viscosity  and  a  high  flash 
pointy    used    to   lubricate    the    cylinders 


and  valves  of  a  steam  engine.  On  account 
of  the  high  temperature  organic  oils  may 
not  be  used,  and  a  flash  point  of  500*"  or 
over  IS  necessary,  especially  when  working 
with  superheated  steam. 

Cylindrical  Armature. — A  dynamo  or 
motor  armature  having  the  gencaral  fcxm  of 
a  cylinder;  a  drum  armature. 

Cylindrical  Carbon  Electrodes. — Car- 
bons of  cylindrical  form  for  use  as  elec- 
trodes in  arc  lampe  or  battery  cells. 

Cylindrical  Core. — A  piece  of  iron  shaped 
like  a  cylinder  to  serve  as  a  solenoid  core. 

Cylindrical  Electromagnet. — ^An  elec- 
tromagnet having  a  core  shaped  like  a 
hollow  cylinder. 

Cylindrical  Cktug^ — In  instruments,  a 
gauge  composed  of  two  pieces,  a  plug 

Suge  or  solid  cylinder  furnished  wiui  a 
ndle,  and  a  collar  gauge  or  hollow  cylin- 
der into  which  the  plug  gauge  fits.  These 
gauges  are  used  as  templets  for  boring  and 
turning  parts  of  machines  which  are 
requirwi  to  correspond  in  dimensions. 

Cylindrical  Magnet. — ^A  magnet  in  the 
form  of  a  cylinder,  or  short  rod  with 
cireular  cross  section;  a  rod  magnet. 

Cylindrical  Vibrator. — A  cylindri- 
cal weight  suroended  in  such  a  manner  as  to 
exhibit  the  enect  of  torsion. 

Cymometer. — An  instrument  devised  by 
J.  A.  Fleming  for  the  measurement  of 
wave  lengths  and  frequency  in  connection 
with  wireless  telegraphy.  It  is  also  useful 
in  the  measurement  of  small  inductances 
and  capacities.  It  consists  primarily  of  an 
air  cored  wire  coil  in  series  with  a  condenser 
consisting  of  inner  and  outer  metal  tubes 
which  form  the  two  plates. 

Cystoecopy*  Electric. — In  medical  prac- 
tice, the  examination  of  the  human  bladder 
by  means  of  a  specially  designed  incan- 
descent lamp. 


D^l^'  V&ri«,tioii.— Slight  va< 
riatioDS  shonn  by  tbe  maS' 
nelic  needle  at  certaiD  houra 
each  day;  diurnal  "arialion. 

Dalton*«  Law,— The  pressure  ererted  on 
the  interior  walla  of  a  vessel  containing 
a  mixture  of  gaaea  is  equal  to  tbe  sum 
of  the  preaaures  which  would  be  exerted 
if  each  of  tbe  gases  occupied  the  vessel 

DajBped  GalTanamater, — A  galvanome- 
ter provided  with  a  device  for  damping 
tbe  oscillations  of  the  indicator,  so  that  It 
comes  quickly  to  rest  after  being  deflected. 

D*mped  Hftgtietle  ITaedlc. — A  ma^et- 
ic  needle  so  adjusted  as  to  come  quickly 

to  rest  after  being  deflected. 

Dunped  Vibrations. — Vibrations  ehbcked 
by  oppofling  to  them  such  a  reflistance  as 
mil  quickly  cause  thorn  to  cease. 

Damper. — 1.  A  metallio  tube  which  may 
be  pressed  over  tbe  core  of  an  induction 
coil  to  reduce  the  induction  and  lessen  the 
currents  of  tbe  secondary  circuit. 

2.  A  resisting  device  for  checking  tbe 
oscilbtions  of  a  magnetie  needle. 

3.  Any  arnuigcment,  u  a  daab  pot.  tot  pre- 

4.  A  V8  IvB  or  door  rcKulatins  the  flow  of  hoKted 
ntrt  thtnugh  n  ehimaey.  or  Oib  lottaDcs  of  lir 
mto  tbs  anh  pit,  thus  ciintn>Uiii«  tlie  imte  of  com- 

biution. 

Daaiper  Regulator. — A  device  for  eon- 
troluug  the  rate  of  combustion  in  stationary 
boilers:  a  piston  or  weighted  lever  is 
connect^  by  suitable  mechanism  with  the 
dampcra  in  the  throat  of  tbe  chimney, 
so  that  tbe  gases  may  be  throttled  as 
steam  exceeds  or  falla  abort  of  the  required 


Damping*. — I.  Offering  a  retarding  fOTCe  to 
control  Bwinging  vibrations  or  other 
motions  and  bring  them  quickly  to  rest. 

2.  A  term  denoting  the  decrease  in  tbe 
intensity  of  electric  oscillations  produced  in 
a  resonant  circuit  by  electric  resistance. 


d'Artomxd,  Anine. 


Daatpiner  CoU. — A  coil  de- 
signed to  carry  occasional 
electric  currents,  mounted  near 
a  galvanometer  for  the  pur- 
pose of  brining  the  needle 
quickly  to  rest  after  deflection. 

Damping  Hagnet. — A  mag- 
net used  to  act  upon  a  needle  or  other 
moving  body  to  damp  its  motion. 

Damping  Snapenalon, — A  suspension  so 
acted  on  by  a  damping  device  as  to  be  free 
from  swing. 

Damping  Tnbe. — A  metal  tube  pressed 
over  the  core  (^  an  induction  coil  to  reduce 
the  induction  and  lessen  the  currents  of  the 
secondary  circuit;  a  damper. 

Damping  Veaael.— A  device  usually  con- 

siatmg  of  a  cylinder  and  piston,  offering  a 
retarding  force  for  checking  any  sudden 
action;    a  dash  pot. 


Danlsll.  John  Frederick,— Bora  171X1, 
died  1845.  An  English  physicist  and 
chemist,  inventor  of  a  constant  type  of 
voltaic  cell  (1336)  known  by  his  name. 

DaBiell'a  Cell.— A  two  fluid  voltaic  cell 
containing  a  linc  plate  immersed  in  dilute 
sulphuric   acid,   and   a  copper  plate   in   a 

saturated  solution  of  copper  sulphate;  the 
two  solutions  being  separated  by  a  jxirous 
cup,  Tbis  cell  has  a  constant  voltage  and 
shows  only  slight  polarization. 

Dark  Diseharge, — A  name  given  by 
Faraday  to  Iho  non-luminous  electric 
discharge  occurring  between  tbe  negative 
and  positive  electrodes  in  a  vacuum  tube. 

Dark  Light  Frequencies. — Radio-activ- 
ity so  feeble  as  to  fail  to  produce  percept- 
ible light. 

d'Araonval,    Araene. — Bora    1851.      A 

French  physicist,  noted  for  his  researches 
in  physical  science;  inventor  of  the 
aperiodic  galvanometer  and  other  import- 
ant apparatus. 


d'Arsonval  Galvanometer, 
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d*Arsoiival  Galvanometer* — A  very 
sensitive,  aperiodic  or  dead  beat  galvanom- 
eter in  which  the  indicating  coil  is  sus- 
pended in  the  field  of  a  powerful  horse  shoe 
magnet;  the  invention  of  A.  d'Arsonval. 

d'Arsonval  Method  of  Resuscita- 
tion.— 1.  Remove  the  body  at  once  from 
the  circuit  by  breaking  contact  with  the 
conductors,  using  a  dry  stick  of  wood 
to  roll  the  body  over  to  one  side,  or  to 

brush  aside  a  wire,  if  that  be  conveying 
the  current.  When  a  stick  is  not  at  hand,  any 
dry  piece  of  clothing  may  be  utilised  to  protect 
the  hand  in  seizing  the  body  of  the  victim. 

2  Turn  the  body  upon  the  back,  loosen  the 
collar  and  clothing  about  the  neck,  roll  up  a  coat 
and  place  it  under  the  shoulders,  so  as  to  throw 
the  hciad  back,  and  then  make  efforts  to  establish 
artificial  respiration  (in  other  words,  make  him 
breathe),  just  as  would  be  done  in  case  of  drown- 
ing. To  accomplish  this,  kneel  at  the  subject's 
head,  facing  him,  and  seizing  both  arms  draw 
them  forcibly  to  their  full  length  over  his  head, 
holding  them  there  for  two  or  three  seconds  only. 
Then  carry  the  arms  down  to  the  sides  and  front 
of  the  chest,  firmly  compressing  the  chest  walls, 
and  expel  the  air  from  the  lungs.  Repeat  this 
manoeuvre  at  least  sixteen  times  per  minute  and 
continue  at  least  an  hour,  or  until  natural 
respiration  is  established. 

3.  At  the  same  time  that  this  is  being  done, 
some  one  should  grasp  the  tongue  of  the  subject 
with  a  handkerchief  or  piece  of  cloth  to  prevent 
it  slipping,  and  draw  it  forcibly  out  when  the 
arms  are  extended  above  the  head,  and  allow  it 
to  recede  when  the  chest  is  compressed.  This 
manoeuvre  should  likewise  be  repeated  at  least 
sixteen  times  per  minute.  If  the  teeth  are 
clenched  and  the  mouth  cannot  be  opened  read- 
ily to  secure  the  tongue,  force  it  open  with  a 
stick,  a  piece  of  wood,  or  the  handle  of  a  pocket 
knife.  While  this  is  being  donct  a  physiciaa 
should  be  summoned. 

Dash  Coil. — 1.  A  multi-unit  induction  coil, 
for  jumpi  spark  ignition  of  internal  combus- 
tion engines,  with  a  coil  for  each  cylinder, 
the  whole  being  enclosed  in  one  case,  with 
dash  connections  to  the  timing  device  upon 
the  engine  or  cam  shaft. 

2.  In  synchronous  ignition  a  single  coil 
used  with  a  multi-cylinder  engine  in  con- 
nection with  a  distribiUer. 

Dash  Pot. — 1.  A  device  usually  consisting 
of  a  cylinder  and  piston,  offering  a  retarding 
force  by  which  to  check  any  sudden  action. 
2.  A  cylinder  employed  m  steam  engines 
which  are  fitted  with  trip  gears;  the  dash 
pot  is  provided  with  a  coil  spring,  a  piston 
acted  upon  by  steam  or  an  air  tight  piston,  oehind 
which  is  a  vacuum :  the  object  in  eitner  case  being 
to  close  the  admission  valves  suddenly,  as  soon 
as  they  are  released  by  the  trip. 

Data. — ^Things  given;  the  plural  of  the 
Latin  datum.     Particularly: 

1.  Necessary  details  relative  to  a  mathe- 


matical {>robIem  which  are  given  when  the 
problem  is  set. 

2.  Information,  dimensions  and  par- 
ticulars collected,  either  by  experience, 
study  or  research,  respecting  technical 
subjects. 

Dav^  Lamp. — ^A  miner's  safety  lamp  in 
which  the  air  passages  are  covered  with 
a  cylinder  of  finely  woven  copper  gauze, 
to  cool  the  products  of  combustion  to 
such  an  extent  that  surrounding  gases  will 
not  be  ignited  by  them. 

Davy,  Sir  Humphry. — Born  1778,  died 
1829.  An  English  chemist,  famous  for  his 
researches  in  electro-chemistry.  He  was  an 
extremely  precocious  boy,  with  a  remark- 
able memonr  and  an  aptitude  for  scientific 
study.  His  early  education  in  natural 
science  he  obtained  from  a  saddler  of  Pensance, 
and  in  1795,  at  the  age  of  seventeen,  he  began  his 
career  as  a  chemist.  His  untiring  energy  in  the 
laboratory  led  to  many  discoveries  which  attracted 
the  attention  of  the  scientific  world.  Ho  discovered 
the  elementary  existence  of  potassium,  sodium, 
and  chlorine,  and  the  properties  of  numerous 
gases  and  chemicals  by  electrolytic  experiments, 
while  his  public  lectures  drew  large  and  brilliant 
audiences.  He  recognized  the  talents  of  Faraday, 
and  appointed  him  assistant  in  bis  laboratory. 
In  1815,  he  invented  the  miners*  safety  lamp,  m 
recognition  of  which  he  was  created  baronet 
in  1818. 

Day  Load. — A  load  carried  by  an  electrical 
machine  during  the  day  as  distinguished 
from  its  load  at  night. 

D.  B.  Switch. — ^Abbreviation  for  double 
break  switch. 

D.  O. — ^Abbreviation  for  direct  current. 

Dead  Beat. — ^A  term  applied  to  instru- 
ments having  indicators  which  are  pre- 
vented from  tedious  swinging  back  and 
forth  after  deflection,  by  being  heavily 
damped  so  that  they  come  to  rest  at  once. 

Dead  Beat  Dischargee. — An  electric  dis- 
charge which  does  not  oscillate. 

Dead  Beat  Galvanometer. — ^A  thor- 
oughly damped  galvanometer  which  gives 
its  readings  without  useless  swinging  of 
the  needle  before  coming  to  rest;  an 
aperiodic  galvanometer. 

Dead  Bright. — ^In  machinery,  a  term  ap- 
plied to  tne  surfaces  of  machinery  which 
are  finished  with  dead  smooth  files  and 
oil  until  all  tool  marks  are  erased,  the 
grains  closed  up  and  a  poUshed  face 
appears. 


Dead  Center, 
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Deapd  Center. — 1.  The  point  at  which  the 
connecting  rod  of  a  stcSeim  engine  has  no 
power  to  turn  a  crank.  It  occurs  when  the 
position  of  the  crank  shaft,  crank  pin  and 
connecting  rod,  are  all  in  a  straight  line; 
that  is,  at  each  end  of  a  stroke. 

De»d  Dipping^. — ^Dipping  metallic  objects 
after  electroplating  into  such  acids  as  will 
give  a  dull  luster  to  the  surface  of  the 
metal,  as  opposed  to  bright  dipping. 

Dead  Earth. — In  telegraphy,  a  fault  in  the 
line  involving  a  complete  grounding  or 
connection  with  the  earth;  a  total  earth. 

Dead  Ended  Wire. — A  line  wire  termina- 
ted by  having  its  end  fastened  to  an 
insulator. 

Dead  Ending^. — Anchoring  the  end  of  a 
wire  to  an  insulator. 

Dead  End  of  a  Pipe. — ^The  closed  end  of 
a  pipe  or  system  of  pipes. 

Deadening^. — In  building,  filling  or  lining 
material  used  to  render  walls  and  floors 
less  pervious  to  sound. 

Dead  €k*ate« — ^Those  portions  of  the  grate 
bar  surface,  along  the  fire  box  sides  and 
ends,  without  openings  for  air  supply; 
generally  formed  as  a  trough,  on  the 
edges  of  which  are  hooked  the  other  bars, 
the  hollow  being  filled  with  fire  clay. 

Dead  Ground. — ^The  same  as  dead  earth. 

Dead  Hole. — ^In  machinery,  a  hole  bored 
in  metal  for  a  certain  distance,  but  not 
entirely  through. 

Dead  Load. — One  that  is  put  on  by  imper- 
ceptible degrees  and  that  remains  steady, 
such  as  the  weight  of  a  boiler  or  an  engine 
on  its  foundation;   opposed  to  live  load. 

Dead  Man. — ^A  pole  support  consisting  of 
a  heavy  wooden  oar  terminating  in  a  broad 
U-shaped  iron  fork,  designed  to  prop  a 
telegraph  pole  while  being  raised;  a 
butt  prop. 

Dead  Plate. — ^That  part  of  the  bottom  of 
a  furnace  which  consists  simply  of  an 
iron  plate  on  which  the  fuel  is  first  thrown. 

Dead  Point. — The  extremity  of  stroke  of  a 
piston   in   either   direction,    when   it   is 


unable  to  exert  any  rotative  effort  upon 
a  crank. 

Dead  Point  of  Armature. — Such  a  rela- 
tion of  a  motor  armature  to  the  field  that  it 
cannot  start  under  the  action  of  the 
driving  current. 

Dead  Resistance. — A  resistance  free  from 
self-induction. 

Dead  Turns. — ^That  portion  of  the  wire  on 
an  armature  which  comes  outside  of  the 
magnetic    field    and    is    not    effective    in 

E reducing  electromotive  force.     The  num- 
er  of  dead  turns  is  about  20%  of  the  total 
number  of  turns. 

Dead  Water. — In  steam  engineering,  the 
water  which  lies  below  the  heating  surface 
in  a  steam  boiler,  and  where  circulation  is 
extremely  sluggish. 

Dead  Weig^ht* — Weight  or  load  directly 
applied  to  an  object,  as  in  a  dead  weight 
safety  valve. 

Dead  Wires. — 1.  Useless  or  abandoned 
wires. 

2.  Wires  on  a  dynamo  armature  that 
faU  to  contribute  to  the  electromotive 
force  during  the  rotation  of  the  armature 
in  a  magnetic  field. 

3.  Wires  on  a  motor  armature  which  do 
not  contribute  to  the  torque  when  an 
electric  current  is  sent  through  them. 

Deafening^. — In  architecture,  the  lining 
paper  used  to  prevent  the  passage  of  sound 
through  floors,  partitions,  etc. 

Death*  Electric. — Death  caused  by  the 
passage  of  an  electric  current  of  consider- 
able strength  through  the  body.  W^hen  tlie 
current  is  sufficiently  strong  death  is  said 
to  be  painless,  hence  the  adoption  of 
so-callea  electrocution  as  a  means  of  capital 
punishment. 

Decade  Resistance  Box.— A  simple  form 
of  resistance  box  provided  with  two  sets  of 
ten  coils;  one  set  of  one  ohm  resistance 
each,  and  the  other  of  ten  ohms  resistance 
each.  By  inserting  two  plugs,  one  in  the 
tens  and  the  other  in  the  units  resistances, 
any  combination  may  easily  be  made; 
also  called  a  decimal  rneostat. 

Decalescence. — ^The  sudden  absorption  of 
heat  occurring  at  a  certain  stage  during  the 


Decay  of  WaveB. 
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DefledUng  Field, 


prooeas  of  heating  a  bar  of  iron  or  steel; 
the  reverse  of  recaleaoence. 


u — The  reduction  of  alter- 
nating wave  amplitudes  when  subjected  to 
any  interference. 

DecL — ^A  prefix  often  used  with  a  physical 
unit  to  designate  a  quantity  one-tenth 
of  that  unit. 

Deei*ampere. — A  unit  of  electric  current 
equal  to  the  tenth  part  of  an  ampere. 

Deci-anipere  Balance.— r An  ammeter 
balance  designed  to  measure  the  strength 
of  electric  currents  in  deci-ampere  amounts. 

Deci-luz. — ^The  tenth  part  of  a  lux,  or 
standard  of  illumination. 

DeeiflUbl  Candle. — The  hougie-decimaUj  a 
French  standard  of  illumination  eoual  to 
one-twentieth  of  a  vioUef  or  slightly  less 
than  the  British  standard  candle. 

Decimal  Equivalent. — A  fractional  or 
duodecimal  measurement  expressed  as  a 
decimal;  as,  .0625  is  the  decimal  equiva- 
lent of  1-16. 

Decimeter. — A  measure  of  length  in  the 
metric  system;  one-tenth  of  a  meter, 
equal  to  3.937  inches. 

Deck  Cable  Lead. — Pulleys  or  guides,  set 
upon  the  deck  of  a  cable  ship  at  intervals 
from  the  cable  tank  to  the  stem  of  the 
vessel,  to  assist  the  operation  of  laying 
the  cable. 

Deck  Planer. — A  rotary  electrical  tool  for 
planing  off  the  deck  of  a  ship. 

Declination. — ^The  angle  between  the  mag- 
netic and  geographic  meridian.  Since 
the  earth's  magnetic  poles  do  not  coincide 
with  the  geographic  poles,  the  magnetic 
needle  does  not  point  exactly  north  and 
south,  but  varies  more  or  less  in  different 
parts  of  the  earth's  surface;  this  variation 
IS  called  the  declination. 

Declinometer. — An  instrument  consisting 
of  a  telephone  combined  with  a  magnetic 
compass,  designed  to  measure  the  decli- 
nation of  the  magnetic  needle,  and  note  its 
variations. 

Decohere. — ^To  cease  to  cling  together  or 
cohere;  tofallapcurt. 


Deeokerer. — ^In  wireless  telegraphy,  a  de- 
vice, usually  electromagnetic,  for  causing 
a  coherer  to  lose  the  coherence  acquired 
under  the  action  of  the  electric  wave, 
preparatory  to  the  reception  of  new  signals. 

Decomposition. — ^The  process  of  resolving 
a  substance  into  its  constituent  elements  or 
atoms;   analysis. 

Decomposition*  Electric. — ^The  decom- 
posing of  a  substance  by  the  action  of  an 
electric  current;   dedrolysis. 

Decomposition*  Electrolytic. — ^The  pro- 
cess ot  decomposing  a  liquid  solution  called 
electrolyte,  into  its  chemical  elements  by 
the  action  of  an  electric  current. 

Decorative  Series  Lamps. — Incandes- 
cent electric  lamps  connected  in  series  and 
arranged  to  make  a  decorative  display. 

Decrement. — The  ratio  of  one  oscillation 
to  the  succeeding  one,  of  a  suspension 
needle  which  ha^  been  disturbed,  the 
swings  gradually  decreasing  in  amplitude 
on  account  of  damping, 

Dedendnm. — ^In  toothed  wheels,  the  root 
of  the  tooth,  or  that  part  within  the  pitch 
circle.  The  dedendum  circle  is  the  circle 
within  the  pitch  circle,  to  which  the 
bottom  of  each  tooth  extends. 

De^nerg^se. — To  cut  off  from  an  electric 
apparatus  the  electric  current  upon  which 
it  depends  for  its  operation. 

Deep  Seated  Eddy  Currents. — Useless 
electric  currents  circulating  deep  in  the 
mass  of  a  solid  conductor. 

Deflap^ration. — ^Rapid  and  violent  com- 
bustion or  volatilization. 

Deflaprationt  Electric.  —  Volatilization 
of  a  metal  by  the  action  of  a  powerful 
electric  current. 

Defla^rator. — An  early  form  of  voltaic 
battery  of  low  internal  resistance  designed 
for  purposes  of  electric  deflagration. 

Deflectinfi^  Field. — In  a  galvanometer,  the 
current  which  is  tested  produces  a  mag- 
netic field  which  deflects  the  needle  to  an 
amount  depending  upon  the  intensity  of 
the  field,  the  deflection  being  a  measure  of 
the  current  strength. 


Deflection.  Ill 

I>efl«etioiu — 1.  The  alteration  in  fomi  of 
any  material  under  streas;  deformation 
caused  by  the  imposition  of  a  load  either 
teaisile,   compressive,   torsional  or  trans- 


2.  The  distance  or  angle  by  which  one 
line  departs  from  another. 

Deflection  Compass* — An  instrument 
used  in  meteoroiogjr  to  observe  the  declina- 
tion of  the  maisnetized  needle,  and  note  its 
variations;  freouently  made  self  registering 
by  periodical  photographs.  Useful  to  tell 
the  hourly  variations  of  the  magnet  and 
foretell  electrical  storms;   a  declmometer. 

Defleetion  Method. — A  method  of  elec- 
trical measurement  in  which  the  amount  of 
deflection  of  the  index  needle  is  taken  as 
the  measure  of  the  electric  force  acting 
upon  or  through  an  instrument,  as  dis- 
tmguished  from  the  nvU  or  zero  method. 

Deflection   of  Mai^etic   Needle* — 1. 

The  dedinaHon. 

2.  The  deflection  of  a  magnetic  indicator 
from  its  plane  of  normal  rest  alon^  the 
earth's  meridian  into  another  position, 
under  the  influence  of  an  artificial  magnetic 
field. 

Deflector* — ^A  term  of  general  application 
for  a  plate  or  other  suitably  shaped  fitting 
employed  to  turn  the  course  of  a  stream  of 
liquid  or  gases  in  a  desired  direction; 
d^ectors  are  commonly  fitted  to  furnaces 
and  fire  boxes  to  direct  the  course  of  the  hot 
and  to  protect  the  door  from  the 


me. 


Delbrmation* — The  distortion  of  the  mass 
of  a  solid  body  due  to  the  relative  dis- 
placement of  its  parts  after  a  heavy  strain. 

• 

Defeneration  of  Energy* — ^The  dete- 
rioration or  weakening  of  energy  or  force. 

Dejgrees* — The  circumference  of  every  cir- 
cle is  supposed  to  be  divided  into  360 
equal  parts,  called  degrees;  thus,  a  degree 
is  ^ih  of  the  ciieumferenoe  of  any  circle. 
A  degree  is  divided  into  60  parts  caHled 
minutes,  expressed  by  (')>  and  each  minute 
is  divided  into  60  seconds,  expressed  by  C), 
so  that  the  circumference  of  any  circle  con- 
tains 21,600  minutes  or  1,206,000  seconds. 

Deka. — ^A  prefix  often  used  with  a  physical 
unit  to  designate  a  quantity  ten  times  as 
great. 


Delta  I  A). 

-A  unit  of  electric  current 
equal  to  ten  amperes. 


Deka-ampere  Balance*  —  An  ammeter 
balance  designed  to  measure  the  strength 
of  electric  currents  in  amounts  of  tens  of 
amperes. 

De  la  Rive's  Floatinflr  Batterjfr.-— This 
consists  of  a  small  floating  cell  having 
immersed  therein  a  galvanic  couple  con- 
nected through  a  coil  of  wire  placed  above. 
An  exciting  solution  is  poured  in  the  cell, 
and  the  latter  as  it  floats  in  a  larger  vessel 
rotates  until  the  coil  and  magnetic  needle  are  at 
right  angles  to  each  other. 

A  moffnei  acU  in  accordance  vnth  A  mpfre^t  theory , 
to  attract  or  repH  the  coiU 

De  Laval,  Carl  Gnstaf  Patrick.— Bom 
1845.  A  Swedish  inventor.  After  a 
technical  university  course  at  Stockholm 
and  several  years  of  study  at  Upsala, 
specializing  in  physics  and  mathematics,  be 
commenced  his  career  in  the  service  of  a 
mining  company,  and  later  became  mechanical 
engineer  in  the  Kloster  Iron  Works  in  Germany. 
Tliere  he  began  producing^  a  series  of  valuable 
inventions,  the  first  of  which  was  a  strainer  for 
separating  air  in  Bessemer  converters,  and  another 
a  crucible  for  galvanising  purposes.  His  experi- 
ments on  oentrifuf^al  macninery  that  followed, 
led  to  the  perfection  of  his  centrifugal  cream 
separator  which  has  proved  of  immense  value  to 
the  dairy  industry  of  the  world.  He  also  per- 
fected the  "lactometer^*  for  determining  the 
percentage  of  butter-fat  in  milk.  It  was  bis  work 
with  the  separator  that  led  to  his  conception  of 
the  steam  turbine,  embodying  the  principle  of 
the  tfigine  devised  by  Hero  1900  years  before. 
He  brought  out  his  inventions  in  1882,  producing 
the  firat  practical  machine  a  year  later,  and  in 
1888  invented  the  diven!:ing  expansion  nossle, 
and  soon  after  the  flexible  shaft,  which  combined 
to  assure  the  efficiency  of  the  De  Laval  steam  tur- 
bine. He  received  many  high  honors  at  the  hands 
df  learned  societies  and  from  the  Swedish  Govern- 
ment. 

Deliqveseenee. — The  dissolving  of  a  salt 
or  other  crystal  substance  in  the  moisture 
absorbed  by  it  from  the  atmosphere. 

Delivered  Power. — ^In  electrical  distribu- 
tion, the  electricity  delivered  at  the  remote 
end  of  the  line  without  regard  to  that  put 
into  the  line  at  the  source. 

Delivery  Wires. — ^The  service  wires,  by 
means  of  which  electric  power  is  delivered 
to  a  consumer  from  the  mains. 


Delta  (A).— 1.  The  fourth  letter  of  the 
Greek  alphabet. 

2.  The  name  adopted  for  a  bronze  alloy 
containing  cast  iron. 


Delia  (  A  )  Connection, 
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DeposiUon. 


Delta  (a)  Connection* — ^The  connection 
of  the  circuits  in  a  three  phase  system  in 
which  the  terminal  connections  are  tri- 
angular, like  the  Greek  letter  delta;  triangle 
or  ring  connection. 

Delta  Current. — ^The  current  flowing  from 
one  line  to  the  other  in  the  delta  connection 
of  a  three  phase  system. 

Delta  Metal.— In  metallurgy,  an  alloy  of 
copper  and  zinc,  with  a  small  quantity  of 
iron.  It  is  prepared  in  various  grades, 
both  cast  and  forged. 

Delta  Potential. — The  difference  of  poten- 
tial between  adjacent  lines  in  a  delta 
connected  three  phase  system. 

Delta  Three  Phase  System. — ^The  ring 
connection  applied  to  a  three  phase  system, 
so  that  the  transmission  wires  are  joined  to 
the  three  comers  of  a  triangle,  resembling 
the  Greek  letter  delta. 

Demagnetisation. — ^The  process  of  remov- 
ing the  magnetism  from  a  magnetic  sub- 
stance. A  magnet  may  be  demagnetized 
1,  by  bringing  its  poles  into  contact 
with  like  poles;  2,  by  heating  to  redness; 
3,  by  passing  it  through  a  series  of  cycles 

in  a  magaetic  field  which  is  at  first  strong,  then 
gradual^  diminishing  in  intensity  to  sero;  4,  by 
reversing  the  directions  of  the  motions  by  which 
its  magnetism  was  originally  imparted. 

Demag^notising^  Current. — ^A  current 
employed  to  oppose  a  magnetic  field  so  as 
to  deprive  it  of  its  magnetism. 

Demagnetising  Force. — ^Magnetic  lines 
of  force  arising  m  a  bar  of  iron  or  steel  in  an 
opposite  direction  to  the  force  magnetizing 
it,  and  tending  to  neutralize  that  force; 
and,  in  the  case  of  a  permanent  magnet, 
tending  to  demagnetize  the  bar. 

Demand  Indicator. — A  form  of  electric 
meter  designed  to  measure  the  nmximum 
demand  of  a  consumer,  or  the  highest 
amount  of  electrical  energy  consumed  by 
him  at  one  time;  a  rebate  indicator. 

Demarcation  Current. — ^In  electro-thera- 
peutics, a  current  obtained  from  an 
mjur^  muscular  tissue. 

D.  E«  M.  F. — ^Abbreviation  for  direct  dectro- 
motive  force. 


Densimeter* — ^An  instrument  used  to  detor<- 
mine  the  amoimt  of  moisture  present  in  the 
atmosphere;    umially  called  nydrometer. 

Density*  Electric. — ^The  quantity  of  elec- 
tricity on  a  unit  of  area  at  any  part  of  a 
charged  body. 

Density  of  Charge. — The  amount  of  elec- 
tricity at  any  pomt  of  a  charged  surface; 
t.  e.,  the  number  of  units  of  electricity  per 
unit  of  area;  electric  density. 

Density  of  Current. — The  current 
strength  per  unit  of  surface  of  cross 
section  of  an  electric  conductor. 

Density  of  Electrillcatioiu — ^The  amoimt 
of  electricity  at  any  point  on  a  surface 
electrified  by  an  electrostatic  charge. 

Density  of  Field. — ^The  quantity  of  elec- 
tromagnetic lines  of  force  existing  in  a 
unit  cross  section  area  of  an  electromag- 
netic field. 

Dental  Mallet*  Electric. — An  instrument 
used  by  dentists  for  hammering  tooth  fil- 
lings. It  is  operated  by  an  electromagnet, 
the  mechanism  being  so  arranged  that  it 
strikes  a  rapid  series  of  blows. 

Dephased* — ^Made  to  vary  in  phase. 

Depolariaation. — The  process  of  preserv- 
ing the  activity  of  a  voltaic  cell  by  pre- 
venting polarization. 

Depolarise. — To  prevent  polarization  in  a 
voltaic  cell. 

Depolariser. — An  oxidizing  substance  used 
for  fixing  the  hydrogen  derived  from  the 
decomposition  of  the  acid  by  the  zinc 
in  primary  cells. 

Depolarising^  Fluid. — ^A  powerful  chem- 
ical agent  employed  to  depolarize  a 
voltaic  cell. 

Depositing  Cell. — In  electro-metallurgv,  a 
cell  in  which  to  make  electro-metaOur- 
gical  deposits. 

Deposition. — 1.  The  electrolytic  precipita- 
tion of  a  m«*tal;  electroplating. 

2.  An  action  whereby  matter  in  solution 
IS  precipitated  upon  a  siuface,  as  the 
process  of  electro  deposition^  in  which  a 
coating  of  precious  metal  is  bestowed  upon 
base  or  interior  material. 


DerivaHon* 
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Development. 


Derivatioiu — ^A  name  sometimes  given  to 
a  derived  circuit. 

Derived  Circuit* — A  branch  of  a  divided 
circuit  carrying  a  derived  current;  a 
shunt  circuit. 

Derived  Circuit  Arc  Lamp. — A  constant 
current  series  arc  lamp.liavmg  one  magnet 
winding  in  series  with  the  arc  and  one  in 
shimt  with  it.  The  current  being  constant, 
the  series  winding  by  itself  wotdd  cause  a 
puH  tending  to  hold  the  carbons  apart,  but 
the  shiint  winding  u  bo  connected  as  to  produce 
an  opposing  effect,  and  since  this  effect  increases 
with  uie  length  of  the  arc.  the  core  of  the  magnet 
is  drawn  down  until  the  carbons  approach  each 
other;  a  differential  arc  lamp. 

Derived  Current* — A  current  which  pass- 
es through  a  shunt  or  derived  circuit. 

Derived  Units. — In  the  C.  G.  S.  system  of 
measurement,  certain  secondary  units 
based  upon  the  three  fundamerUal  units 
which  are  the  centimeter,  or  unit  of  length; 
the  gram,  or  irnit  of  mass;  the  second,  or 
unit  of  time. 

Derrick. — An  apparatus  of  the  crane  type, 
used  to  lift  heavy  weights. 

Derrick  Brace. — A  diagonal  member  of 
the  framing  of  a  derrick,  such  as  is  used 
in  weU  boring.  The  horizontal  members 
are  known  as  girths  or  girts. 

Derrick  Pole. — ^A  tripod  leg  of  a  portable 
derrick;  as,  a  gin  pole. 

Design — The  preliminary  calculation  of 
dimensions  and  the  drawing  from  those 
dimensions  of  the  parts  of  a  machine 
or  structure.  Much  design  is  based  upon 
actual  physical  and  mathematical  research, 
and,  to  be  worthy  the  name,  should  be 
based  upon  a  new  and  original  arrangement 
of  mechanical  details. 

Desk  Loop. — A  circuit  used  in  a  telegraph 
station  for  connecting  the  instruments 
upon  a  desk  in  that  office  to  the  instruments 
ot  the  main  line. 

Desk  Push. — A  push  button  fitted  to  a 
desk  for  ringing  an  electric  bell,  or  other 
similar  purpose;  a  table  push. 

Desk  Set. — A  convenient  type  ci  telephone 
instrument  designed  to  stand  upon  a  desk, 
so  that  the  subscriber  need  not  leave  his 
desk  in  order  to  use  the  telephone. 


Destructive  Distillation. — ^The  decom- 
position of  a  substance  by  great  heat  in  a 
retort,  and  the  collection  of  the  volatile 
products  evolved  by  the  chemical  process 
undergone;  as  when  coal  is  heated  so  as  to 
yield  gas,  naphtha,  tar,  etc.,  leaving  a 
residue  of  coke. 

Detail  Drawins^s. — ^These  are  ordinarily 
of  full  size,  and  often  are  called  working 
drawings,  as  they  give  all  necessary 
particulars. 

Detector. — 1.  In  wireless  telegraphy,  a 
general  term  applied  to  receiving  instru- 
ments, such  as  the  coherer,  responder,  etc., 
for  revealing  or  detecting  electromagnetic 
waves. 

2.  A  small  electric  device  consisting  of  a 
galvanometer  or  current  indicator  and 
several  primary  cells,  employed  for  testing 
the  continuity  of  electric  circuits. 

Detector  Galvanometer. — Any  simple 
galvanometer  sufficiently  delicate  for  or- 
dinary use  in  detecting  the  presence  of 
electricity;   the  lineman's  detector. 

Detector  Peg^. — A  peg  employed  in  a 
detector  galvanometer. 

Deterioration  of  Incandescent  Lamp. 

— ^The  decrease  in  candle  power  of  an 
incandescent  lamp  due  to  prolonged  use, 
whereby  the  filament  "ages"  with  a 
corresponding  waste  of  electric  energy. 

Detonator. — An  explosive  capsule  contain- 
ing fulminate  of  mercury  or  similar  sub- 
stance, which  by  electricity  or  a  fuse  is 
caused  to  detonate  high  explosives. 

Detorsion  Bar. — A  metal  bar  employed 
in  a  declinometer  to  remove  the  torsion 
of  the  thread  which  suspends  the  magnet. 

Developed  Diagram. — In  armature  con- 
struction, a  method  of  showing  the  wind- 
ing and  connections  in  which  the  cylin- 
dncal  surface  is  shown  "developed,  or 
rolled  out  flat  upon  the  paper,  while  the 
ends  of  the  armature  are  represented  as 
they  actually  appear. 

Developed  Winding. — ^The  winding  of  a 
d3mamo,  spread  or  mapped  out  in  a  dia- 
gram. 

Development. — 1.  The  progress  of  advan- 
cing flange  by  which  anything  grows 
toward  maturity  or  perfection. 


Deviation. 
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Diameter  of  a  Circle. 


2.  In  mathematicSi  the  process  by  which 
a  mathematical  expression  is  changed  into 
another  of  equivalent  value  in  an  expanded 
form. 

DeTiatioB* — 1.  Divergence  from  a  course, 
or  rule. 

2.  The  deflection  of  the  mariner's  com- 
pass owing  to  the  attraction  of  the  me- 
tallic masses  of  which  the  ship  is  composed. 

Device. — ^That  which  is  devised  or  formed 
by  design;    a  contrivance;    an  invention. 

Devil  Claws. — A  claw  like  instrument 
used  in  overhead  line  construction. 

Dew. — Moisture,  condensed  from  the  atmos- 
phere and  gathered  in  small  drops  upon 
the  upper  surface  of  plants  and  other 
bodies. 

Dew  Point. — The  temperature  of  the  at- 
mosphere at  which  dew  would  form  or 
condensation  would  occur. 

Deztroreal  Solenoid. — A  solenoid  with 
right  handed  winding;  a  dextrorsal  helix. 

Diacritical  Current. — A  current  which, 
flowing  through  a  solenoid,  is  sufficient  to 
bring  the  iron  core  to  one-half  its  point  of 
magnetic  saturation. 

Diacritical  Number. — The  number  of 
ampere  turns  in  a  solenoid  required  to 
create  a  magnetic  condition  in  the  iron 
core  equal  to  one-half  magnetic  saturation. 

Diacritical  Point. — The  coefficient  of 
magnetic  saturation  producing  in  an  iron 
core  a  condition  equal  to  one-half  its 
maximum  magnetization. 

Diag^meter.  —  An  instrument  consisting 
of  a  dry  pile  and  magnetic  needle  for 
measuring  the  electro-conductive  power  of 
a  substance,  and  thereby  detecting  adul- 
terations and  impurities  in  the  substance. 

Diagonal. — 1.  Crossing  at  an  angle  with 
one  of  the  sides. 

2.  A  line  joining  two  opposite  angles 
of  a  quadrilateral  figure,  and  dividing  it 
into  two  parts. 


_  u — 1.  A  skeleton  geometrical 
drawing,  illustrating  the  principles  or 
application  of  a  mechanism. 

2.  A  figure  traced  by  the  pencil  of  an 
indicator. 


DiaL — 1.  A  graduated  circular  plate  upon 
which  anything  is  indicated  by  a  needle;  as, 
in  a  steam  gauge  or  numbered  face  plate. 
2.  A  magnetic  compass  used  in  under- 
ground survejdng. 

Dial  Bridge* — A  form  of  resistance  bridge 
having  its  coils  arranged  in  dials,  the 
contacts  being  made  by  a  movable  arm 
instead  of  by  the  insertion  of  plugis. 

Dial  Instrument. — ^Any  instrument  for 
electrical  measurement  in  which  indica- 
tions are  made  bv  the  deflection  of  a  needle 
or  pointer  over  the  face  of  a  dial;  a  pointer 
instrument. 

Dial  Telegraphy. — A  method  of  teleg- 
raphy in  which  a  magnetic  needle,  swinging 
over  a  dial  marked  with  the  letters  of  the 
alphabet,  is  used  for  receiving  the  mes- 
sages;  step  by  step,  or  needle  telegraphy. 

Dialysis. — The  process  of  separating  a  sub- 
stance into  coUoids  and  crystaUaids  by 
taking  advantage  of  the  difference  of  their 
diffusibility  through  a  membrane. 

Dialyiinf  • — Subjecting  a  substance  to  di- 
alysis. 

Diamafl^etic. — A  term  applied  to  sub- 
stances which  are  feebly  repelled  from  the 
poles  of  a  magnet,  as  distmguished  from 
paramagnetic  substances  which  are  at- 
tracted to  the  magnet.  Bismuth  is  the 
most  strongly  diamagnetic  body  known. 

Diamaspetic  Permeability. — The  sus- 
ceptibility to  magnetization  possessed  by 
diamagnetic  bodies. 

Diamagnetic  Polarity. — ^The  magnetic 
property  of  diamagnetic  substances  in 
virtue  of  which  they  appear  to  be  repelled 
from  the  poles  of  a  magnet. 

Diamae^netism. — ^The  property  of  being 
apparently  repelled  from  a  magnet. 

Diamag^etometer. — An  instrument  for 
measuring,  or  determining  diamagnetism. 

Diamag^ets. — A  name  given  to  diamag- 
netic substances  after  undergoing  magnetic 
induction,  to  distinguish  them  from  mag- 
nets. 

Diameter  of  a  Circle* — ^A  straight  line 
passing  through  its  center  and  terminating 
at  both  ends,  in  the  circumference. 


Diameter  of  Commutation. 
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Dielectric  Strength  of  Gas, 


Diameter  of  Commntatioiu — The  line 
passing  through  the  center  and  circum- 
ference of  the  commutator,  marking  the 
points  upon  which  the  brusnes  must  rest 
to  insure  sparklesB  commutation. 

DUunetral  Pitelu — ^A  modem  method  of 
computing  the  pitch  of  machine  cut  toothed 
wheels,  in  terms  of  a  certain  numb^  of 
teeth  per  inch  of  diameter  of  pitch  circle. 
To  proportion  the  speeds  of  wheels  is  onl^ 
a  question  of  the  ratio  between  the  di- 
ameters, the  pitch  depending  upon  the 
strength  of  tooth  required. 

DiAphrarg^. — 1.  A  thin  disc  of  an  elastic 
substance  capable  of  being  vibrated  by 
sound  or  otner  wave  motion;  as,  the 
diaphragm  of  a  telephone  receiver. 

2.  The    porous   partition    employed    in 

electric  osmose. 

3.  A  varietv  of  porous  vessel  used  in  certain 
forms  of  voItAic  cells. 

4.  A  disc  for  regulating  the  Bgfat  to  be  meas- 
ured in  a  photometer. 

Di»phr»e^  Current. — An  electric  cur- 
rent due  to  the  potential  difference  on  the 
opposite  sides  of  a  i)orous  diaphragm 
tnrough  which  a  liquid  is  being  forced. 

Diaphrasm  Photometer* — A  photome- 
ter which  measures  the  intensity  of  light 
hj  its  effect  upon  the  opposite  faces  of  a 
diaphragm  or  screen. 

Diathermal. — Capacity  for  transmitting 
radiant  heat;  freely  permeable  by  radiant 
or  reflected  heat. 

Dice  Box  Insnliktor. — ^A  fine  insulator 
resembling  a  pair  of  inverted  cones  united 
at  the  vertices. 

Dieleetric. — 1.  Any  non-conducting  me- 
dium which  intervenes  between  two  con- 
ductors and  permits  electrostatic 
attraction  and  repulsion  to  take  place 
across  it;  usually  the  dielectric  is  air, 
sometimes  glass  or  ebonite. 
2.  A  non-conductor,  in  generaL 

Dielectric  Absorption* — The  absorption 
of  electricity  that  takes  place  in  a  dielectric. 

Dielectric  Capacity* — The  inductivity  or 
specific  inductive  capacity  of  a  substance, 
being  its  ability  to  convey  the  influence  oi 
an  electrified  body.  If  tne  inductivity  of 
dry  air  is  taken  as  1,  the  dielectric  capacity 
of  any  other  substance  is  measured  by  the 
zatio  of  the  capacity  of  a  oondfioser  when  its 


plates  are  separated  by  that  substance  to  the 
capacity  of  the  same  condenser  with  its  plates 
separated  by  air. 

Dielectric  Circuit* — A  circuit  made  up  in 
a  greater  or  less  degree  of  dielectric  sub- 
stances, as  distinguished  from  a  circuit 
through  conduct<Nrs. 

Dielectric  Coefficient  or  Constant. — 

The  same  as  dielectric  capacity  or  specific 
inductive  capacity. 

Dielectric  Current* — ^The  rate  of  change 
of  electric  displacement  produced  in  a 
dielectric;   the  displacement  current. 


Dielectric  Density  of  a  Oas*— The 
amount  of  electric  force*  a  gas  can  sustain 
between  opposite  charges  of  electricity 
before  it  gives  way  and  permits  a  disruptive 
discharge  to  take  place  through  it;  dielec- 
tric strength. 

Dielectric  Displacement* — Tubes  of 
force  acting  through  a  dielectric  medium 
which  is  subject  to  electrostatic  forces. 

Dielectric  Hysteresis* — A  property  of 
condensers  in  alternating  current  circuits, 
by  virtue  of  which  heat  is  generated  by  the 
energy  expended  in  reversing  the  sign  of 
the  charge  between  the  two  coatings  of  the 
condenser;    electrostatic  hysteresis. 

Dielectric  Medium* — Any  non-conduct- 
ing medium  acting  as  a  dielectric. 

Dielectric  Power* — ^The  inductivity,  or 
specific  inductive  capacity  of  a  substance, 
being  its  ability  to  convey  the  influence 
of  an  electrified  body. 

Dielectric  Resistance* — ^The  resistance 
offered  by  a  dielectric  to  the  electric  force 
acting  upon  it. 

Dielectric  Strain* — ^The  deformed  condi- 
tion which  occurs  in  a  solid  dielectric  under 
the  stress  of  an  electric  charge  upon  its 
surfaces;  as  when  a  Leyden  jar  dilates,  or 
even  breaks,  under  the  force  of  the  charge. 

Dielectric  Stren^h* — ^The  maximum 
voltage  that  an  msulating  substance  or 
device  will  resist  without  permitting  a 
disruptive  discharge  through  it. 

Dielectric  Strengrth  of  Oas*~The  de- 
gree of  electric  force  a  gas  can  sustain  be- 
tween opposite  charges  of  electricity  before 
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it  gives  way  and  permits  a  disruptive 
discharge  to  take  place  throu^  it. 

Dielectric  Stress. — ^The  electric  force  pro- 
ducing a  strain  in  the  dielectric  medium 
through  which  it  acts. 

DielectroL — ^A  trade  name  for  an  insulating 
paraffin  varnish,  which  has  a  sufficiently 
nigh  melting  point  to  adhere  to  a  copper 
cou  under  working  conditions. 

Diesel  Eng^e. — A  type  of  internal  com- 
bustion engine  designed  to  operate  on 
gaseous  or  liciuid  fuel,  and  to  work  under  a 
principle  which  involves  the  production  of 
very  nigh  temperatures  during  its  cycle  of 
operations  by  the  compression  of  the  air  in 
the  working  evlinder  prior  to  the  introduction 
of  the  fuel.  Tbe  air  is  compressed  to  about  500 
lbs.  which  raises  its  temperature  to  about  1000° 
Fahr.  At  this  moment,  which  is  the  beginning 
of  the  power  fftroke,  the  fuel  is  introduced  into 
the  heated  air  in  the  cylinder  and  is  ignited  by 
its  high  temperature.  The  fuel  is  regulated  by 
the  action  of  a  governor  which  automatlcalQr 
controls  the  amount  supplied  according  to  the 
varying  load. 

Dietrine. — A  trade  name  for  a  compound 
prepared  for  insulating  purposes. 

Difference  of  Electric  PotentiaL— -The 

difference  of  electrical  condition  between 
two  points  in  an  electrical  field  involving 
work  to  be  done  by  a  unit  of  electricity  in 
passing  from  one  point  to  another;  the 
difference  of  electnc  level  which  causes  a 
current  to  flow  from  the  higher  to  the 
lower;  electric  pressure  or  voltage. 

Difference  of  Magnetic  PotentiaL — 

The  work  required  to  be  done  between  two 
points  in  moving  a  unit  N  pole  from  one 
point  to  the  other. 

Difference  of  PotentiaL — ^The  relation 
between  two  points  in  space  considered  with 
respect  to  the  power  to  do  work  involved 
in  the  movement  of  matter  from  one  point 
to  another,  as  when  water  seeks  a  lower 
level;   potential  difference. 

Difference  of  Thermal  Pressure. — ^The 
difference  of  temperature  between  two 
portions  of  a  heat  conducting  body  such 
that  the  heat  tends  to  flow  in  the  direction 
of  lower  temperature. 

DifferentiaL — ^Relating  to,  constituting  or 
marking  a  difference;  having  different 
velocities. 


Differential  Arc  Lamp. — ^A  form  of  arc 
lamp  in  series,  in  whicn  the  arc  is  main- 
tained by  the  use  of  a  series  coil  of  low 
resistance  for  striking  the  arc,  and  a  shunt 
coil  of  high  resistance  for  feeding  the 
carbons  forward  when  the  length  of  the  arc 
becomes  too  great;  a  derived  circuit  arc 
lamp. 

Differential  Coils. — Resistance  coils  em- 
ployed in  a  differential  galvanometer, 
being  so  arranged  that  the  circuit  divides; 
one  part  of  the  current  flowing  through  the 
unknown  resistance  and  one  coU,  while  the 
other  part  flows  through  the  known 
resistance  and  the  other  cofi  in  the  opposite 
direction. 

Differential  Duplex. — ^Duplex  telegraphy 
employing  differentially  wound  coils  in  the 
transmitting  and  receiving  instruments: 
a  method  most  frequently  used  in  overland 
telegraphy. 

Differential  Electric  Bell* — ^An  electric 
beU  having  coils  wound  differentially. 

Differential  Electromajgrnet. — An  elec- 
tromagnet with  differential  winding. 

Differential  Equation. — An  equation 
expressing  a  relation  between  unknown 
functions  and  their  differential  coefficients. 

Differential  Galvanometer. — A  galva- 
nometer in  which  the  needle  is  suspended 
between  two  coils  of  equal  resistance 
wound  so  as  to  act  with  equal  force  on  the 
needle;  it  is  useful  for  showing  when  the 
currents  in  two  branch  circuits  are  equal. 


I  Lamp. — A  type  of  constant 
current  series  arc  lamp  m  which  the 
mechanism  is  provided  with  two  coils 
which  act  against  each  other.  One  \b  a 
series  coil  tending  to  lift  the  upper  carbon 
holder  and  lengthen  the  arc,  ana  the  other 
a  shunt  coil  tending  to  lift  the  lower  carbon 
holder  and  shorten  the  arc. 

Differentially  Wound  Dviutmo. — A  dy- 
namo having  compound  wound  fidid 
magnets. 

Differentially  Wound  Motor. — A  motor 
with  a  compound  wound  field  in  which  the 
series  and  shunt  coils  oppose  each  other. 

Differential  Method. — 1.  In  duplex  teleg- 
raphy, a  method  in  which  the  coils  of  the 
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transmitting    and    receiving    instruments 
are  differentially  wound. 

2.  In  quadruplex  telegraphy,  a  method 
involving  a  double  differential  duplex 
system. 


Differential  Pulley'. — An  arrangement  of 
the  differential  windlass,  in  which  the 
velocity  of  a  movable  pulley  embraced  by 
an  enclless  rop3  or  chain  is  very  small,  as 
the  latter  is  wound  off  the  smaller  dia- 
meter while  being  wound  on  the  larger. 

Differential  Pump. — A  pump  having  two 
pistons  of  different  diameters,  used  as  an 
mtensifier  or  accumulator  in  hydraulic 
engineering,  etc.  The  fluid  under  pressure 
is  in  contact  with  the  larger  piston  and  the 
increment  of  pressure  on  the  smaller  piston 
is  proportional  to  the  ratio  between  the 
two  areas. 

Differential  Quadmplex  Telegraphy, 

— Quadruplex  telegraphy  employing  the 
differential  system. 

Differential  Relay. — A  telegraphic  relay, 
containing  two  coils  of  equal  resistance 
wound  differentially. 

Differential  Screir. — A  device  for  obtain- 
ing great  pressure  through  the  prolonged 
action  of  a  small  power.  A  screwed  spin- 
dle, working  within  a  nut  in  a  press  frame, 
is  threaded  internally  for  the  reception  of 
another  screw  of  the  same  hand,  but  of 
slightly  finer  pitch,  this  last  screw  being 
attached  to  the  die  head  of  the  press. 

Differential  Thermopile.  —  A  thermo- 
electric pile  having  opposite  forces  exposed 
to  different  sources  of  neat  so  that  the  two 
heat  intensities  may  be  compared. 

Differential  Voltmeter. — An  instrument 
consisting  of  two  separate  decomposition 
cells ;  one  is  placed  in  a  circuit  whose  resist- 
ance is  known  and  the  other  in  a  circuit 
whose  resistance  is  to  be  determined. 

Differential  Winding. — A  method  of 
winding  the  coils  of  a  magnet  with  double 
coils,  producing  opposite  poles. 

Differential    Winding:    of    Field.— A 

method  of  winding  a  field  magnet  with 
series  and  shunt  coils  so  that  each  exerts 
an  opposing  force  upon  the  other. 

Diffraction. — ^The  breaking  up  of  a  beam 
of  light  into  its  component  colors,  due  to 


the  interference  of  the  ravs  when  deflected 
at  the  edge  of  an  opaque  body  or  through  a 
narrow  sUt. 

Diffraction  Photometer. — ^A  photometer 
in  which  a  concave  lens  is  introduced  to 
increase  the  diffraction  of  the  light  rays, 
and  thus  make  it  possible  to  use  a  shorter 
bar  in  testing  powerful  lights. 

Diffusion. — A  term  relating  to  the  flow  of 
an  electric  current  through  a  conducting 
sub5tanc3  of  varying  cross  sectional  area. 
There  is  difference  m  the  density  of  the 
current  in  different  parts  of  the  conducting 
substance  due  to  the  varying  area  and 
other  causes. 

Diffusion  Creep. — A  term  signifying  the 
passage  of  a  current  through  an  electrolyte, 
if  there  be  a  sufficient  potential  difference 
when  electrodes  of  an  active  circuit  are 
immersed  in  the  solution.  The  current 
spreads  out  in  every  direction. 

Diffusion  Globes. — Globes  designed  for 
diffusing  the  light  of  an  electric  lamp. 

Diffusion  of  Electric   Current. — The 

uneven  distribution  of  electricity  in  passing 
through  a  conducting  body  of  irregular 
cross  section;  diffusion  creep. 

Diflbsion  of  Electric  Waves.— The  dis- 
persion of  electric  waves  through  the  ether 
m  every  direction. 

Diflbsion  of  Electro-therapeutic  Cur- 
rent.— In  electro-therapeutics,  the  distri- 
bution of  the  current  in  different  parts  of 
the  body  between  the  points  at  which  the 
electrodes  are  applied. 

Diflbsion  of  Gases. — ^The  diffusion  through 
each  other  which  takes  place  when  two 
gases  are  placed  in  contact.  Even  if  a 
porous  membrane  be  placed  between  them 
this  process  is  only  shghtly  retarded. 

Diflbsion  of  Magrnetic  Flux. — ^The  dissi- 
pation or  spread  of  magnetic  flux  in  direc- 
tions outside  of  its  direct  path  between 
the  magnetic  poles;  also  called  diffusion 
of  lines  of  force. 

Diflbsivity. — ^In  heat  transference,  the  quo- 
tient of  the  conductivity  of  a  body  by  its 
specific  heat. 

I^lflrflrl>^Sr  Spoon. — A  shovel  shaped  like  a 
spoon  with  a  long  handle,  for  digging  holes 
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for  telegraph  poles;  a  spoon  shovel,  or 
Spai^sh  spoon. 

Dilation*  Electric* — ^The  dilation  or  in- 
crease in  size  occurring  in  a  body  when 
charged  with  electricity. 

Dil»tometer« — ^An  instrument  for  deter- 
mining the  amount  of  expansion  a  liquid 
undergoes  when  heated. 

Diminisked   Electric  Irritability.-^-In 

electro-therapeutics,  the  lessening  of  irri- 
tability in  nerve  tissue  by  the  action  of 
electricity. 

Dimmer. — ^A  resistance  inserted  in  a  light- 
ing circuit  for  shunting  or  by-passing  a 
variable  portion  of  the  current,  thus  ''dim- 
ming" the  lights  in  the  circuit;  an  arrange- 
ment specially  serviceable  for  theatrical 
purposes;  a  theatre  dimmer. 

Diode  Working. — ^In  telegraphy,  the  si- 
multaneous transmission  of  two  messages 
over  one  line. 

Diopter. — ^A  unit  for  expressing  the  refrac- 
tive power  of  a  lens,  being  the  power  of  a 
lens  whose  focal  distance  is  equal  to  one 
meter. 

Dioptric* — Relating  to  the  science  of  diop- 
tncs. 

Dioptrics. — ^That  branch  of  the  science  of 
optics  which  treats  of  the  refraction  of 
light;  opposed  to  ccUoptrics. 

Dioptric  Shibde. — ^A  shade  which  by  re- 
fracting the  rays  of  a  source  of  light  cuts 
off  the  illumination  in  certain  directions. 

Dip  CelL — A  cell  in  which  one  of  the  elec- 
trodes is  withdrawn  from  the  solution  when 
not  in  use;  also  called  plunge  ceU, 

Dip  Circle. — A  vertical  graduated  circle 
in  which  a  dipping  needle  swings  in  meas- 
uring the  magnetic  inclination. 

DipluMo. — ^A  tenn  sometimes  used  for  two 
^lase. 

DiphjuMr* — ^A  name  sometimes  given  to  a 
two  phase  aUemator. 

Diplex  Telegruphy. — ^The  simultaneous 
telegraphic  transmission  of  two  messages 
in  one  direction  over  the  same  wire. 


Diplex  Telephony* — The  simultaneous 
transmission  of  two  telephone  messages 
in  one  direction  over  the  same  wire. 


Diplex  Transmission. — ^Transmission  of 
two  messages  simultaneously  in  one  direc- 
tion over  the  same  wire. 

Dip  of  Line  Wire. — ^The  sagging  of  a  wire 
in  the  spaces  between  poles  or  other  sup- 
ports. 

Dip  of  Magnetic  Needle. — ^If  a  magnetic 

needle  be  suspended  by  its  middle  so  as 

to  be  free  to  turn  in  a  vertical  plane,  one 

end  of  it  will  hang  lower  than  the  other 

at  most  parts  of  we  earth's  surface.    In 

the  nortnem  hemisphere,  the  N  end  of 
the  needle  will  dip*  in  the  eouthem  hemisphere 
the  S  end  will  dip.  At  the  magnetic  poles, 
which  do  not  correspond  witii  the  geosraphic 
poles,  the  needle  would  point  straight  down. 
This  action  is  also  known  as  the  incUntUian  oj 
tKe  needle.  There  is  no  dip  ftt  the  magnetic 
equator  or  dvole  pasring  around  the  earth  mid- 
way in  intensity  between  the  earth's  magnetic 
poles. 

Dipolar. — ^Having  two  magnetic  poles;  bi- 
polar. 

Dimiin^. — 1.  In  electro-metallurgy,  a  meth- 
oil  of  applying  a  thin  coating  of  metal  to 
an  article  by  dipping  it  into  the  proper 
solution. 

2.  A  method  of  cleaning  articles  for 
electroplating  by  dipping  them  into  cleans- 
ing ados.  A  bath  in  which  rough  articles  are 
steeped  for  a  considerable  time  is  known  as  a 
"piocle'*,  while  a  dip  acts  on  smooth  surfaces. 

Dipping  Basket  or  BowL — ^An  open- 
work TOsket  of  stoneware  or  similar  matc- 
riali  for  holding  articles  to  be  cleansed  for 
electroplating  by  the  dipping  process. 

Dippinfi^  Compass. — ^An  instrument  some- 
times called  an  inclinometer,  used  to  meas- 
ure the  angle  of  dip  or  inclination  of  the 
magnetic  needle. 

Dipiiin^  Hook. — ^A  metal  hook  from  which 
articles  are  hung  that  are  to  be  cleansed 
for  electroplating  by  dipping. 

Dippinfi^  Needle. — A  magnetic  needle 
turning  in  a  vertical  circle,  and  exactly 
balanced  on  its  center  of  gravitjr,  for 
measuring  the  inclination  or  dip  in  an 
inclinometer  or  inclination  compass. 

Dipping  Wire. — ^A  wire  for  securing  arti- 
cles that  are  to  be  cleaned  for  electro- 
plating by  dipping. 
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Dips, — In  electroplating,  add  solutions 
prepared  for  dipping  articles  to  be  plated; 
also  called  steeps. 

Direct  Aetinflr  Eayiae* — In  steam^  engi- 
neering, an  engine  in  which  the  action  of 
the  piston  is  transmitted  directly  to  the 
crank  shaft. 

Direct  Control  Switchboard* — One  in 

which  Uie  switching  and  measuring  appa- 
ratus are  moimted  directly  upon  the  switch- 
board. 

Direct  Conpled  Dynamo. — A  dynamo 
having  the  shaft  of  its  armature  coupled 
directly  to  the  shaft  which  drives  it. 

Direct  Couplinf^. — Connecting  the  shaft 
of  a  dynamo  armature  directly  to  the  shaft 
which  drives  it. 

Direct  Current. — ^An  electric  current  con- 
stant in  diredionj  though  not  necessarily 
so  in  value.  A  direct  current,  constant  in 
both  value  and  direction  as  the  result  of 
constant  pressure,  is  called  a  continuous 
current. 

Direct  Current  Converter. — A  machine 
for  converting  a  direct  current  of  one 
voltage  to  a  direct  current  of  another 
voltage. 

Direct  Current  Dynamo  or  Gonera- 
tor. — A  dynamo  generating  direct  cur- 
rents, which  may  or  may  not  be  continuous 
currents. 

Direct  Current  Motor. — ^A  motor  opera- 
ted by  direct  currents,  as  distinguished 
from  one  driven  by  alternating  currents. 

Direct  Drive. — ^A  method  of  driving  a  dy- 
namo by  direct  connection  with  the  steam 
engine,  thus  doing  away  with  belting  and 
counter  shafting,  and  eliminating  the  power 
losses  and  noise  associated  with  oelt  driven 
machinery.  Direct  driven  dynamos  are 
designed  to  run  at  a  lower  speed  than  belt  driven 
ones  beeauae  the  inherent  speed  of  engines  is  less 
than  that  of  genemtozB. 

Direct  Driven  Dynamo. — ^A  dynamo 
driven  by  direct  connection  with  a  steam 
engine,  without  the  intervention  of  belting 
and  shafting. 

Directed    Streaming    Discharge. — ^A 

disruptive  electric  discharge  of  high  fre- 
quency forming  a  cone  shaped  luminous 
stream. 


Direct  Electromotive  Force. — 1.  The 

active  electromotive  force  moving  in  a 
circuit,  as  distinguished  from  a  counter 
electromotive  force  opposing  it. 

2.  A  continuous,  as  distmguished  from 
an  alternating  electromotive  force. 

Direct  Excitation. — ^The  excitation  of  a 
dynamo  by  direct  currents  furnished  from 
a  source  outside  of  itself;  the  excitation 
of  a  separately  excited  dynamo. 

Direct  Induced  Current. — The  current 
induced  in  an  electric  circuit  by  the  break- 
ing of  the  circuit;  a  break  induced  current. 

Directing  Clock. — ^In  a  system  of  electric 
time  distribution,  the  master  or  controlling 
clock. 

Directing  Magnet. — A  compensating 
magnet  to  influence  the  action  of  a  mag- 
netic needle. 

Direct  Inker. — ^An  ink  recording  Morse 
register  for  use  in  a  telegraphic  line  circuit, 
and  not  in  a  local  circuit. 

Direction  of  Current. — The  direction  in 
which  ah  electric  current  is  said  to  flow. 
It  is  assumed  to  he  from  a  positively  elec- 
trified body  to  a  negatively  electrified  body; 
an  assumption  based  upon  the  theory  that 
the  positive  electric  state  has  a  higher  po- 
tential than  the  negative  state. 

Direction  of  Force. — In  mechanics,  the 
line  along  which  a  force  acts,  whether  it 
is  productive  of  actual  motion  or  of  pres- 
sure or  tension  only. 

Direction  of  BKagnetic  Flux.— The  di- 
rection which  lines  of  magnetic  force  are 
assumed  to  take  in  passing  out  of  the  posi- 
tive pole  of  a  magnet  and  re-entoing  the 
negative  pole. 

Direction  of  Hanetic  Lines  of  Force. 

— ^The  assumed  now  of  lines  of  magnetic 
or  electrostatic  force  from  the  north  to 
the  south  pole. 

Direction  of  Negative  Rotation. — A 

rotation  about  an  axis  in  the  same  direc- 
tion as  that  of  the  hands  of  a  clock  as  seen 
from  the  front  of  the  dock;  a  clockwise 
rotation. 

Direction  of  Positive  Rotation. — A  ro- 
tation about  an  axis  in  the  opposite  direc- 
tion from  that  of  the  hands  of  a  clock 
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as  seen  from  the  front  of  the  clock;  a 
counter  clockwise  rotation. 

Directive  Tendency. — ^The  tendency  of  a 
magnetic  needle  to  point  in  the  direction 
of  the  earth's  magnetic  poles. 

Direct    Li^htning^    Discharge. — The 

original  discharge  of  lightning,  as  dis- 
tinguished from  the  back  stroke  which 
frequently  accompanies  it. 

Direct    Readinf^   Galvanometer* — A 

galvanometer  having  a  scale  graduated  by 
volts  or  amperes  instead  of  degrees,  so 
that  the  absolute  value  of  the  current 
strength  may  be  read  off  without  com- 
putation. 

Direct   Readings  Potentiometer. — ^An 

apparatus  for  measuring  differences  of 
potential,  such  that  the  pressure  may  be 
read  directly  from  its  scale. 

Direct  Sounder. — ^A  sounder  for  use  in  a 
telegraph  line  circuit,  and  not  in  a  local 
circuit. 

Direct  Working^  of  Sounder. — ^The  op- 
eration of  a  sounder  without  the  aid  of  a 
relay  to  reinforce  it. 

Disc. — A  cylinder  whose  length  is  very  short 
in  proportion  to  its  diameter;  a  round 
plate  with  a  hole  in  its  center;  in  refrig- 
eration, a  thin  circular  piece  of  cast  iron 
made  in  halves,  so  that  they  may  be  se- 
cured together  on  a  pipe,  in  order  to 
increase  its  radiating  surface;  also  called 
&gUl. 

Disc  Armature. — A  dynamo  armature  in 
the  form  of  a  disc  on  which  the  coils  are 
wound  flat. 

Disc  Electrodes. — Carbon  electrodes  in 
the  form  of  discs,  at  one  time  used  in  all 
night  arc  lamps. 

Disc  Electrometer. — An  instrument  for 
measiiring  the  attraction  between  an  elec- 
trified and  a  non-electrified  disc.  It  is 
similar  to  a  balance  in  form,  having  at  one 
end  a  light  scale  pan  and  at  the  other  a 
disc  hung  above  a  fixed  insulated  disc,  to 
which  the  charge  to  be  measured  is  im- 
parted. 

Disc  Fan. — An  air  propeller,  usually  driven 
by  an  electric  motor,  anaped  somewhat  Uke 


a  ship's  screw,  and  mounted  in  a  cylindrical 
casing,  dehvering  air  parallel  to  its  axis. 

Discharge. — 1.  The  effort  to  overcome  dif- 
ferences of  potential  which  takes  place 
between  two  charged  terminals  when  a 
connection  is  made  between  them.  Dis- 
charges may  occur  in  a  great  variety  of 
ways  and  assimie  many  forms. 

2.  To  bring  about  an  electric  dwrhaige  by 
connecting  two  cfaaiged  points. 

3.  The  removal  of  a  chaige  from  the  surface 
of  any  charged  conductor  by  connecting  it  with 
the  earth,  or  another  conductor. 

4.  The  removal  of  a  chaige  by  means  of  a 
stream  of  electrified  air  particles. 

Discharge  Key. — A  key  for  sending  a  dis- 
charge through  a  galvanometer. 

Dischari^  of  Ma^etism. — ^Loss  of  mag- 
netism occurring  m  tHe  field  magnets  of  a 
dynamo  so  that  they  fail  to  generate  an 
electric  current. 

Discharger. — A  device  consisting  of  a 
jointed  Drass  rod  provided  with  brass 
knobs  and  a  glass  handle,  for  discharging 
a  Leyden  jar;  discharging  tongs. 

Dischargee  Throug^h  Gases. — ^The  pass- 
age of  an  electric  current  through  gases 
with  an  effect  similar  to  that  of  electrol- 
ysis, being  accompanied  by  the  breaking 
up  of  gaseous  molecules  and  the  inter- 
change of  atoms. 

Dischargee  Valve. — 1 .  Any  delivery  valve , 
as,  from  a  piunp,  tank,  etc.. 
2.  A  self-acting  valve,  placed  on  a  ship's 
side,  permitting  the  curculating  water, 
bilge  water,  etc.,  to  be  discharged  over- 
board (hence  the  name),  while  preventing 
the  ingress  of  water  from  the  sea.  Discharge 
valves  are  usually  ^  mushroom  non-return  valves, 
with  a  weighted  spindle  to  keep  them  on  the  seat, 
and  are  not  supposed  to  be  capable  of  screwing 
down,  etc. 

Discharg^g^  Rate. — The  rate  measured 
by  the  strength  of  the  discharging  current, 
at  which  a  secondary  or  storage  battery 
gives  up  electric  energy. 

Discharg^ing^  Red. — A  jointed  metal  ex- 
tension rod  with  insulated  handles,  and 
having  metal  balls  at  each  end,  employed 
to  discharge  a  Leyden  jar  or  condenser. 

Discharging^  Ton^. — A  discharging  rod 
in  two  bent  parts  connected  with  an  in- 
sulated handle,  resembling  a  pair  of  tongs. 
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Diseoldal  Windlngr.—Tfae  method  of  flat 
winding  used  on  a  mac  armature. 

Diflconiieet. — 1.  To  take  an  eleotro-reoep- 
tive  apparatus  out  of  a  circuit. 
2.  To  break  an  electric  circuit. 

Diseonn^ctioiu — 1.  The  breaking  of  an 
electric  circuit. 

2.  The  cutting  of  an  electro-receptive 
apparatus  out  of  a  circuit. 

3.  A  fault  arising  in  a  circuit  as  the 
result  of  a  break  in  the  circuit. 

4.  DisooBnections  are  daasified  as,  (a)  total, 
indicating  an  absolute  separation;  as.  by  the 
opening  of  a  switch;  (b)  partiaU  as  by  dirty^  con- 
tact, loose  binding  screw  or  badly  soldered  joint; 
(c)  inUrmittenU  as  by  a  broken  insulated  con- 
ductor, the  ends  being  held  together  by  the  in- 
sedation  and  any  motion  or  vibration  tending  to 
bring  them  into  oontact. 

Diseonnector. — ^A  device  for  opening  a  cir- 
cuit, or  for  cutting  out  an  electro-receptive 
device. 

Dise  Windinif. — ^An  extended  radial  wind- 
ing treated  as  a  drum  winding,  in<  which 
the  periphery  corresponds  to  the  back 
ends  of  the  drum,  and  the  magnet  poles 
are  usually  arranged  so  as  to  face  the  side 
or  sides  of  the  disc. 

Disc  Wound  Transformer. — ^A  trans- 
former built  up  of  coils  wound  separately 
into  discs  and  piled  alternately  on  top  of 
one  another;  a  series  connection  of  the 
sections  being  used  for  high  voltages  and 
parallel  connection  for  low  voltages. 

Dis-oloetrilicaition. — ^The  depriving  of  a 
charged  body  of  its  electric  charge. 

Disinte^^ration. — ^The  mechanical  act  of 
separation  into  particles,  as  opposed  to 
the  chemical  process  of  decomposition  or 
resolution  into  elements. 

Dislntei^ration  of  Storag^e  CelL-— The 
dislodgmg  of  the  active  material  from  the 
plate  or  ^d  of  a  secondary  battery,  due 
to  excessive  rate  of  discharge. 

Diainieffration  Theory* — A  theory,  ad- 
vanceoto  explain  the  phenomena  of  radio- 
activity, that  the  atoms  of  radio-active 
substances  undergo  spontaneous  diein- 
tegration,  in  the  course  of  which  parts  of 
the  atom  escape  in  the  emission  of  radia- 
tions. 


Dispersing    Pad    Electrode. — ^A    pad 

electrode  used  in  electro-therapeutics  for 
applying  strong  currents  to  tne  human 
body  and  diffusing  them  over  a  wide  area. 

Dispersion  Photometer* — ^A  photometer 
in  which  the  rays  of  light  to  be  measured 
are  made  to  pass  through  a  convex  lens, 
and  thus  dispersed.  In  this  way,  an  in- 
tense light  like  that  <^  an  arc  lamp,  may  be 
more  readily  measured  in  terms  of  a  stand- 
ard candle. 

Displacement  Current* — ^The  rate  of 
change  of  electric  displacement  produced 
in  a  dielectric;    a  dielectric  current. 

Displacement*  Electric* — Tubes  of  force 
acting  through  a  dielectric  medium,  sub- 
ject to  electrostatic  forces. 

Displacement  Flujc* — ^The  flow  of  the  lines 
oi  electric  displacement. 

Displacement  Lines* — ^The  lines  along 
which  the  movement  of  the  displacement 
current  or  flux  takes  place. 

Disruptive  Conduction* — ^The  conduc- 
tion of  electricity  associated  with  a  dis- 
ruptive discharge. 

Disruptive  Discharge* — ^An  electrostatic 
dischar^  which  suddenly  bursts  across  a 
dielectric  medium. 

Disruptive  Stren^^  of  Dielectric* — 

The  mechanical  stress  a  dielectric  medium 
can  bear  before  giving  way  to  a  disruptive 
discharge. 

Dissimulated    Electricity*  —  A  term 
sometimes  applied  to  a  charge  of  electricity  | 
upon  the  suitace  of  a  conductor,  when  it  ' 
is  attracted  by  the  pre&Mice  of  a  neighboring 
charge  of  the  opposite  kind*;  a  bound  charge. 


Dissipation  of  Charg^* — ^The  gradual 
leakmg  away  of  an  electric  charge  from  a 
conductor,  which  takes  place  in  spite  of  the 
best  of  insulation. 

Dissipation  of  ^  "Energy. — ^The  defenera- 
tion of  energv  into  forms  in  which  it  is  no 
longer  available  for  work. 

Dissipativity* — ^The  rate  at  which  energy 
is  dissipated. 

Dissociate* — To  break  up  a  compound  by  , 
great  heat  into  the  elements  of  which  it  is  : 
made  up.  > 
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Di«soel»tion. — ^In  chemifltry,  the  process 
of  breakinK  up  a  compouna  into  its  con- 
stituent dements.  It  is  often  accom- 
plished by  great  heat. 

DiMMielftilon  Tkeoi^. — ^A  theory  ad- 
vanced by  Arrhenius  in  1887,  upon  which 
18  largely  based  the  electro-chemical  science 
of  t<><Uiy.  He  held  that  the  electrical  con- 
ductance of  a  solution  was  due  entirely  to 
the  dissociated  parts  of  the  molecules.  He 
ascribed  electrical  charges  to  these  dis- 
sociated parts,  and  caHed  them  ions. 

DiisolTe.— -To  convert  from  a  solid  to  a 
fluid  state;  as,  to  dissolve  resin  in  alcohol, 
or  a  salt  in  a  liquid. 

Diflsoiuuiee»  Electric — ^The  opposite  of 
electric  consonance;  a  condition  existing 
in  alternating  currents  having  phases  in 
opposition. 

DiMyauBetrie»l  Altenuktioiui* — ^A  wave 
mouon  in  which  the  frequencies  are  un- 
equal in  value. 

DiMKj]ii]iietrle»l  Field* — A  majmetic  field 
containing  an  irregular  distribution  of 
lines  of  force. 

Distance  Piece* — A  thimble  or  sleeve 
placed  over  a  bolt  or  rivet  to  maint>ain  a 
set  distance  between  the  two  thicknesses 
of  material  which  are  united  by  it. 

DistaAt  Battery*— In  telegraphy,  a  bat- 
tery stationed  at  the  remote  end  of  the 
line. 

Distajit  Station* — In  telegraphy,  the  re- 
mote station  or  end  of  the  line,  as  distin- 
guished from  the  home  station. 

Distillate* — Any  fic^uid  that  is  a  product  of 
distillation.  The  lighter  hydrocarbons  ob- 
tained from  the  first  distiUation  of  petro- 
leum which  have  to  be  redistilled  to  pre- 
pare them  for  the  market;  or  any  similar 
product  of  initial  distillation  which  has  to 
undergo  further  treatment. 

Dietillatioa«-^An  operation  by  which  two 

or  more  liquids  having  different  boiling 

points^  may  be  separated.    It  consists  of 

a  still  in  which  the  mixed  liquids  are  boiled, 

and  a  worm  coil  in  whicn  the  resulting 

vapors  are  cooled  and  allowed  to  run  into 
diiferent  Teo0|)teolM.  Beooaria  disoovered  that 
when  a  liquid  is  electrified  its  rate  of  evaporation 
ii  ineieMed;  and  it  has  been  shown  by  Crookes 


that  necative  eleotrificatkm  is  men  efficient  in 
inoreasinfE  the  rate  ot  evapotation  than  that  of 
the  poailive  sigii. 

Distillation^  Electric*— The  evaporation 
of  a  liquid  and  the  condensation  of  the 
vapors  to  liquid  again,  aided  by  the  elec- 
trincation  of  the  liquid  to  be  distilled. 

Distorsion* — ^The  deformation  of  a  medium 
as  the  result  of  a  stress,  strain  or  other 
similar  influence. 

Dietoreional  Elasticity* — ^Elasticity  oc- 
curring in  a  body  as  the  result  of  distorsion. 

Dietorsionleee  Cable* — A  cable  forming 
a  part  of  a  distorsionless  telegraphic  cir- 
cmt. 

Dietoreion  of  Field* — ^A  distorted  condi- 
tion of  the  magnetic  field  of  a  dynamo, 
due  to  the  rotation  of  the  armature  against 
the  mutual  attraction  existing  between 
itself  and  the  field  magnets. 

Distributed  Capacity* — The  capacity  of 
a  circuit  consioered  with  regard  to  the 
entire  length  of  the  circuit. 

Distributed  Inductance* — The  induc- 
tance oi  a  circuit  consid^ed  with  relation 
to  the  entire  length  ol  the  circuit. 

Distributed  Load* — In  mechanics,  when 
a  load  is  spread  over  the  surface  or  area 
of  a  beam,  girder  or  floor,  so  as  to  weigh 
it  down  equally. 

Distributed  Windin||p* — ^Armature  coils 
evenly  and  regularly  custributed  over  the 
surface  of  the  armature. 

Distributer* — In  synchronous  ignition,  a 
combination  of  two  timing  devices  at- 
tached to  one  common  shaft  and  operated 
by  the  engine.  ^  A  primary  timer  makes  and 
breaks  the  primary  circuit  at  the  time  a 
spark  is  required ;  a  similar  device  working 
in  step  switches  the  secondary  current  to 
the  different  cylinders  in  proper  sequence. 

Distributing  Board* — 1.  In  a  central 
telephone  exchange,  a  board  or  frame  by 
means  of  which  the  line  wires  entering  the 
exchange  are  distributed  to  their  proper 
numbers  on  the  switchboard,  also  permit- 
ting easy  access  for  making  changes  in  the 
connections,  and  allowing  for  the  introduction  of 
test  dips  to  simplify  testing  for  faults  in  the 
lines;  a  cross  connecting  board. 

2.  In  a  distribution  system,  an  liimilated  board 
by  which  branch  droiuts  are  led  from  eleotrio 
mains. 
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Distributinif  Box* — 1.  A  box  containing 
all  the  safety  fuses  at  a  distributing  point 
of  a  system  of  electrical  distribution. 

2.  An  arrangement  whereby  arc  and 
incandescent  laumps  majr  be  connected  at 
the  same  time  on  one  circuit. 

3.  A  device  by  which  a  set  of  series  in- 
candescent lamps  may  be  cut  into  an  arc 
lamp  circuit. 

Distributing  Box  for  Are  Lajnp  Cir- 
cuits.— An  arrangement  whereby  arc  and 
incandescent  lamps  may  be  operated  at 
the  same  time  on  one  continuous  current 
circuit. 

Distribiiiiii|^  Box  of  Condiiit«-^In  an 

electric  conduit  system,  a  box  in  which  con- 
nections may  be  made  between  branch 
wires  and  tlie  main  cable.  The  distribu- 
ting box  is  often  reached  through  a  man- 
hole. 

Distrlbiitiii|f  Brushes  of  Motor. — ^The 
brushes  which  bear  u^Km  a  motor  commu- 
tator, and  convey  to  it  the  current  which 
drives  the  armature. 

Distributini^  Centre. — A  central  point  of 
electric  distnbution. 

Distributing  Mains. — ^The  principal  con- 
ductors in  a  system  c^  electric  distnbution. 

Distribntintf  Point.-^A  junction  point  in 
an  electrical  distributing  system,  at  which 
the  cut  outs  of  all  the  sub-mains  and  second- 
ary conductors  are  collected. 

Distributing  Station. — A  central  station 
for  electric  distribution. 

Distributing  Switch. — ^A  switch  for  cut- 
ting a  number  of  distributing  circuits  in 
or  out  of  a  main  circuit  or  electric  source. 


g;  Switchboard.- — A  switch- 
ich  a  number  of  electrical  cir- 
cuits are  connected;  a  mvltiple  switch- 
board. 

Distributing  Valve. — A  combination  of 
triple  valve,  checks  and  high  speed  reduc- 
ing valve,  designed  especially  for  use  on 
locomotives  with  certain  applications  of 
the  Westinghouse  air  brake. 

Distribution. — In  engineering,  the  opera- 
tion by  which  steam  is  admitted  into  and 
taken  out  of  a  <!ylinder  at  each  stroke  of 
the  piston. 


Distribution  of  Char^^e. — ^The  spreading 
of  an  electric  charge,  m  even  or  uneven 
densities,  over  the  surface  of  charged  bodies. 

Distribution  of  Electricity* — ^The  pro- 
cess of  transmitting  electricitv  for  use  at 
points  more  or  less  remote  from  electric 
sources  and  central  stations,  through  vari- 
ous circuits  and  branches  into  suitable 
electro-receptive  devices. 

Distribution  of  Electricitsr  by  Alter- 
natin^f  Currents. — ^The  transmission  of 
electric  ener^  through  alternating  cur- 
rents after  bemg  acted  on  by  transformers 
set  in  the  circuits. 

Distribution  of  Electricity  fay  Alter- 
natiufp  Currents  Throu^^h  Condens- 
ers.—^ system  of  transmitting  electric 
energy  from  an  alternating  current  dynamo, 
emploving  condensers  to  reduce  high  po- 
tential currents  to  currents  of  low  poten- 
tialy  for  the  use  of  lamps  or  other  electric 
devices. 

Distribution  of  Electricity  bar  Con- 
stant Potential  Circuits. — ^Electrical 
distribution  to  receptive  devices  joined  in 
parallel  between  constant  potential  mains. 

Distribution  of  Electricity  by  Direct 
Currents  Throug^h  Transformers. — 

A  method  of  driving  a  dynamo  on  a  direct 
cuirent  circuit  by  the  use  of  motor-dynamos 
for  raising  or  lowering  the  pressure  applied 
to  the  motor  terminals. 

Distribution  of  Electricity  by  Motor- 
dynamos. — A  system  of  driving  dynamos 
on  a  direct  current  circuit  by  the  use  of 
motor-dynamos  for  raising  or  lowering  the 
pressure. 

Distribution  of  Electric  Power.— The 
process  of  transforming  mechanical  work 
into  electric  energy,  and  distributing  it 
along  circuits  to  motors  which  convert  it 
into  mechanical  work  again. 

Distributor. — A  conducting  main  in  a  sys- 
tem of  parallel  distribution. 

District  CaU  Box. — A  box  supplied  with 
make  and  break  attachments  wnich  are  set 
in  motion  by  the  pulling  of  a  lever,  thus 
transmitting  electric  signals  to  a  central 

^  office  indicating  the  service  wanted  and  the 
location  of  the  call. 
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Diurnftl  Currents. — ^Earth  currents  which 
flow  between  the  various  points  of  a  tele- 
graphic circuit  each  day. 

Diurnal  Load  Fapctor. — ^The  ratio  of  the 
actual  output  of  an  electric  plant  for  twen- 
ty-four hours  to  the  output  it  would  have 
made  if  working  constantly  at  maximum 
load  for  that  time. 

Diurnal  Variation. — Slight  variations  ex- 
hibited by  the  magnetic  needle  at  certain 
hours  each  day;  daily  variation. 

Divalent. — In  chemistry,  a  term  applied  to 
an  element,  one  atom  of  which  can  unite 
with  two  atoms  of  hydrogen;  also  called, 
bivalent.  Divalent  elements  are  known  as 
dyads. 

Divergent  Magnetic  Flux. — ^Magnetic 
flux  that  diffuses  with  lessening  strength 
through  a  magnetized  body. 

IHver^flng  Lens  Photometer. — A  pho- 
tometer provided  with  a  convex  lens  for 
dispersing  the  rays  of  an  intense  light  so 
that  a  strong  light,  like  that  of  an  arc  lamp, 
may  be  measured  in  terms  of  a  standard 
candle. 

Diverg^in^  Magnetic  Flux. — ^Magnetic 
flux  that  diffuses  itself  with  lessening 
strength  as  it  proceeds  over  or  through  a 
magnetized  body. 

Diversity  Factor. — ^The  ratio  of  the  aver- 
age electrical  supply  to  the  maximum 
supply  delivered  to  a  consumer  during  a 
given  time. 

DiTorter. — ^In  electrio  traction,  a  name 
given  to  a  certain  type  of  motor  starting- 
coil,  probably  because  some  of  the  appliS 
voltage  is  diverted  from  the  motor  in  forc- 
ing the  current  through  the  coil  against 
its  resistance. 

Divided  Circuit.— A  circuit  branched  for 
electric  distribution. 

Divided  Core. — A  dynamo  or  motor  arma- 
ture core  which  is  built  up  of  a  series  of  thin 
discs  of  soft  sheet  iron  or  steel  for  the  pur- 
pose of  reducing  eddy  ciurent  losses.  To 
effect  insulation  between  the  discs,  their 
surfaces  are  allowed  to  rust,  or  sometimes 
pieces  of  tissue  paper  are  interposed  be- 
tween them;  also  called,  laminated  core. 

Divided  Magrnetic  Circuit. — A  magnetic 
circuit  branching  in  different  directions. 


Divided    Touch    Magnetisation.  —  A 

method  of  magnetizing  a  steel  bar,  in 
which  the  bar  is  stroked  with  the  opposite 
poles  of  two  other  bar  magnets,  beginning 
at  the  middle  and  drawing  them  apart  to 
the  ends;  double  touch  magnetization. 

Dividinff  Eng^e. — ^A  machine  for  divid- 
ing scaks  or  standards  of  linear  measure- 
ment into  exact  parts,  and  ruling  the  divi- 
sions upon  metal  bars,  plates,  dials,  etc. 

Division  Operator.---In  railway  telegra- 
phy, an  operator  having  charge  of  a  sec- 
tion of  the  system. 

Doctor. — In  electroplating,  a  device  for  ap- 
plying a  coating  to  surfaces  that  are  too 
large  to  be  wholly  immersed  in  the  bath. 

Dollj. — In  electroplating,  a  polishing  brush 
composed  of  rings  of  clotn  gripped  in  a 
wooden  holder  and  fitted  to  a  lathe. 

Dome. — ^In  a  steam  boiler,  a  cylindrical 
reservoir  mounted  on  the  upper  surface  of 
the  boiler  to  increase  the  steam  room; 
steam  dome. 

Dome  Cap. — A  cover  or  door  for  the  top  of 

the  steam  dome  of  a  boiler. 

Domestic  Telephone  Switchboard. — A 

private  switchboard  for  making  telephone 
connections  with  various  parts  of  the  house. 

Door  Bell  Pull*  Electric— A  device  for 
closing  an  electric  circuit  which  acts  by  the 
pull  of  a  bell  handle. 

Door  Contact  Lamp. — ^A  lamp  which  is 
lighted  by  an  electrio  contact  made  when 
a  door  is  swimg  open  or  shut. 

Door  Opener*  Electric. — ^An  electric  con- 
trivance by  which  a  door  may  be  opened 
*b^  opening  or  closing  a  contact  from  a 
distance. 

Deor  Pitsh* — ^An  alarm  contact  by  which  a 
signal  is  given  when  a  door  is  opened  or 
closed. 

Door  Trig^i^r. — A  catch  which  makes  or 
breaks  a  circuit  to  give  an  alarm  when  a 
door  is  opened  or  closed. 

Dot  and  Dash  Code* — ^A  name  sometimes 
given  to  the  Morse  telegraphic  alphabet. 

Dotting^  Contact. — An  electrical  contact 
obtained  between  two  contact  points. 
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Double  Aetind^  Pump. — ^A  pump  in  which 
the  piston  forces  the  water  on  one  side, 
while  drawing  it  into  its  cylinder  on  the 
other  side. 

Doable  Alternation. — ^A  cycle  of  alterna- 
tion; a  complete  wave. 

Double  Armatare  Windin^^ — Two  sets 
of  coils  wound  upon  an  armature  and  con- 
nected to  alternate  bars  of  the  commutator. 

Doable  Block  Duplex* — In  telegraphy,  a 
form  of  Wheatstone  differential  duplex 
sometimes  used  on  cable  circuits,  in  wnich 
signaling  and  reading  condensers  are  in- 
cluded in  the  system. 

Double  Brapcket  Pole. — ^A  pole  for  sup- 
porting double  brackets  in  a  system  of 
overhead  line  construction. 

Double  Brapcket  Trolley  Buspeneion. 

— A  method  of  suspending  the  trolley  wire 
in  a  double  track  railway  from  double 
brackets  extending  on  either  sides  of  a  line 
of  posts  erected  between  the  tracks;  center 
post  construction. 

Double  Break  Knife  Switch.^A  knife 
switch  in  which  each  blade  is  provided  with 
two  terminals  besides  the  hing-clip.  When 
the  switch  is  open  the  blades  are  ''dead." 

Double  Bronse  Wire. — A  variety  of  wire 
conductor  of  great  strength,  composed  of  a 
core  of  aluminum  bronze  sheathed  with  a 
copper  brass  coating. 

Double  Carbon  Lamp. — An  all  night  arc 
lamp  provided  with  two  pairs  of  carbons, 
fitt^  to  a  mechanical  device  for  changing 
over  the  current  from  one  pair  to  the  other 
when  the  first  pair  is  nearly  consumed;  a 
ttrin  ccarban  lamp. 

Double  Circuit  Djuamo* — A  dynamo 
connected  with  two  distinct  circuits. 

Double  Conductor  Cable. — A  cable  con- 
taining two  distinct  conductors  insulated 
from  each  other. 

Double  Cone  Insulator. — ^An  Insulator 
through  which  the  line  wire  passes.  It  is 
supported  by  two  inverted  truncated  cones 
which,  joined  at  their  vertices,  form  a  tube. 

Double  Connector. — ^A  binding  screw 
suitable  for  connecting  the  ends  of  two 
wires. 


Double  Contact  Key. — A  key  for  closing 
two,  or  either  of  two,  separate  circuits. 

Double  Contact  Push. — A  push  operat- 
ing two  contacts,  simultaneously  opening 
one  and  closing  the  other. 

Double  Contact  Push  Button. — A  push 
button  capable  of  making  two  contacts. 

Double  Cord  Multiple  Switchboard. —  . 

A  telephone  multiple  switchboard  in  which 
the  plugs  are  provided  with  cords  having 
two  wires  instead  of  single  wires. 

Double  Cord  Switchboard. — A  tele- 
phone switchboard  having  connecting  cords 
composed  of  two  wires  instead  of  single 
wires. 

Double  Cup  Insulator. — A  line  wire  in- 
sulator, usually  of  glass,  resembling  in 
shape  two  inverted  cups  set  one  over  the 
other. 

Double  Curb. — ^A  method  of  telegraphic 
signaling  in  which  two  or  more  weak  re- 
versed currents  are  sent  directly  after  the 
original  powerful  signals  for  the  purpose  of 
hastening  it  through  the  line. 

Double  Curb  Working^. — U  s  i  n  g  the 
double  curb  method  of  telegraphic  signal- 
ing. 

Double  Current  Generator. — A  dynamo 
that  produces  both  direct  and  alternating 
currents. 

Double  Current  Repeater. — ^A  repeater 
or  translator  employed  in  the  double  cur- 
rent  system  of  telegraphy. 

Double  Current  Telegraphy. — A  sys- 
tem of  telegraphy  employed  upon  long 
lines  for  increasing  the  speed  of  working, 
and  for  obtaining  greater  permanence  of 
adjustment.  A  polarized  relay  is  always 
used,  and  a  current  called  the  ''spacing" 
current  is  sent  in  a  reverse  direction  to  the 
*'markins"  current  (which  completes  the  locat 
circuit)  tor  restoring  the  tongue  of  the  relay  to 
the  apadng  tide. 

Double^  Current  Transmitter. — ^The 
transmitter  employed  in  the  double  current 
system  of  telegraphy,  in  which  the  key  at 
rest  sends  out  a  "  spacing  "  current  followed 
by  a  "marking"  current  when  the  key  is 
depressed. 
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Double  Gnrrent  Working. — ^The  use  of 
double  currents  in  telegraphy. 

Double  Gurre  Poll-oTer* — ^A  trolley 
hanger  designed  to  hold  the  trolley  wire 
at  a  curve.  It  b  provided  with  two  ex- 
taision  lugs  for  the  attachment  of  strain 
wires;  a  double  pull-over. 

Double  Deck  Switchboard. — A  tele- 
phone switchboard  having  its  iacks  ar- 
ranged in  two  horizontal  parallel  rows. 

Double  Ezpaneion. — ^The  same  as  com- 
pound; a  type  of  engine  in  which  the  steam 
or  other  working  fluid  is  expanded  in  two 
successive  cylinders,  doing  work  on  the 
piston  of  each,  thus  dividing  the  tempera- 
ture range  into  two  stages,  and  thereby  re- 
ducing the  amount  of  condensation  that 
would  occur  if  the  entire  expansion  took 
place  in  one  cylinder. 

Double  Field  Magpiet. — A  dynamo  field 
magnet  provided  with  two  pairs  of  poles; 
the  exciting  coils  are  wound  upon  what 
may  be  regarded  as  the  vokes  of  the  mag- 
nets. The  direction  of  the  electric  current 
flowing  in  the  magnetizing  coils  is  such 
that  two  similar  poles  are  produced  in 
each  pole  piece. 

Double  Filament  Lamp. — ^An  incandes- 
cent lamp  having  two  filaments  usually  of 
different  lengths  and  of  different  resistance. 
The  short  filament  is  of  very  low  candle 
power  and  is  not  in  circuit  with  the 
longer  filament. 

Double  Flexible  Conductor. — A  flexible 
conductor  contaim'ng  two  insulated  wires. 

Double  Fluid  CelL — A  voltaic  cell  con- 
taining two  different  fluids  as  electrolytes; 
a  two  fluid  cell. 

Double  Fluid  Theory. — A  theory  once 
advanced  that  electricity  existed  in  nature 
as  two  '^  imponderable  "  fluids,  one  positive 
and  the  other  negative. 

Double  Focus  X-ray  Tube. — A  vacuum 
tube  containing  two  anti-cathodes  for  pro- 
ducing X-rays  by  means  of  an  alternating 
current. 

Double  Insulation. — An  insulation  by 
which  a  conductor  is  protected  in  two 
separate  places,  so  that  if  the  insulation  at 
one  point  fails,  the  other  can  be  depended 
upon. 


Double  Key  Tapper. — In  single  needle 
telegraphj,  a  signaling  key  consisting  of 
two  horizontal  levers  normally  resting 
against  a  metal  strip  joined  to  the  zinc  pole 
of  the  battery,  while  at  the  other  end  an- 
other strip  connects  with  the  plus  pole;  a 
double  tapper. 

Double  Layer  Winding. — ^A  form  of  bi- 
polar direct  current  armature  winding 
naving  the  conductors  placed  in  the  slots 
in  two  layers,  one  side  of  each  coil  being 
placed  at  the  bottom  of  the  slot,  the  other 
side  at  the  top  in  order  to  make  all  connec- 
tions identical. 

Double  Liquid  Cell. — A  primary  cell  hav- 
ing two  different  solutions  as  electrolytes. 

Double  Loop. — In  telegraphy,  two  loops 
for  joining  a  couple  of  branch  offices  with 
the  main  office. 

Double  Magrnet  Dvnamo. — A  d3mamo 
provided  witn  a  field  magnet  wound  with 
two  coils  arranged  so  as  to  produce  con- 
sequent poles. 

Double  Needle  Telegraphy. — A  method 
of  needle  telegraphv,  employing  t\^o  nee- 
dles on  liie  dial  of  the  receiving  mstrument 
joined  to  two  separate  wires,  as  distin- 
guished from  single  needle  telegraphy. 

Double  Parallel  Winding. — ^A  form  of 
armature  winding  in  which  the  coil  termi- 
nals, instead  of  being  connected  to  adjacent 
segments,  are  connected  to  alternate  seg- 
ments. When  this  winding  is  used,  each 
commutator  brush  must  be  thick  enough 
to  alwi^  toudi    two   Besments.  otherwise  the 

E roper  cuviaion  of  current  between  the  two  wind- 
igs  would  not  be  preserved. 


Double  Pen  Telegraph  Register. — A 

device  for  recording  a  telegrapmo  message 
upon  a  strip  of  paper,  by  the  use  of  two 
pens  instead  of  one. 

Double  Petticoat  Insulator. — A  line 
wire  insulator  having  a  deeply  grooved  rim 
making  two  flanges  separated  by  an  air 
space,  so  as  to  increase  the  path  of  leak- 
age. 

Double  Plu^. — A  contact  plug  for  switch 
boards  provided  with  two  contacts,  at  the 
tip  and  sleeve,  respectively,  for  making 
connection  with  the  two  terminals  of  the 
conductor;  a  double  peg. 
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Double  Pole. — ^A  pair  of  telegraph  poles 
securely  braced  together  and  erected  side 
by  side;  an  H  pole. 

Double  Pole  BelL — ^An  electric  bell  which 
is  rung  by  the  alternate  attraction  and  re- 
lease of  a  polarized  armature  at  the  poles 
of  an  electromagnet. 

Double  Pole  Cut  Out. — ^A  cut  out  which 
acts  at  once  on  both  the  positive  and  nega- 
tive leads  in  an  electrical  circuit. 

Double  Pole  Safetsr  Fuse. — ^A  double 
pole  euiouL 

Doable  Pole  Switch. — A  heavy  switch 
which  controls  both  leads  of  a  circuit 
simultaneously. 

Double  Ported  Valve. — ^A  type  of  slide 
valve  in  which  steam  is  admitted  through 
two  steam  ports  at  each  end  of  the  cylinder 
face,  thus  reducing  the  travel  of  the  valve. 

Double  Pull-over. — ^A  form  of  trolley 
hanger  designed  to  suspend  the  trolley 
wire  at  a  curve,  provided  with  two  exten- 
sion lugs  for  the  attachment  of  strain  wires; 
a  double  pull-over. 

Double  Reduetion  ^  €(e»r. — ^A  gearing 
sometimes  employed  m  street  car  motors, 
in  which  the  speed  of  the  armature  is  re- 
duced twice  by  two  pinions  and  two  spur 
wheels. 

Double  Belleetion  Tube. — An  X-ray 
tube  provided  with  two  anti-cathodes  for 
producing  the  rays  by  means  of  an  altemat- 
mg  current. 

Double  Refraction. — A  property  pos- 
sessed by  man^  transparent  crystalline 
substances,  in  virtue  ot  which  a  ray  of 
light  is  split  into  two  in  passing  through 
them. 

Double  Refraction^  Electric. — ^The  pro- 
perty sometimes  acouired  by  certain  trans- 
parent crystals  of  aividing  a  ray  of  light 
mto  two  when  the  crystal  is  influenced  by 
an  electric  field. 

Double  Riveted. — A  riveted  seam  in  boil- 
er making,  etc.,  where  the  rivets  are  ar- 
ranged in  two  parallel  rows. 

Double  Seat  Valve. — One  employed  to 
control  alternate  passagewa^rs  m  a  pipe, 
having  a  seat  upon  either  opening.    A  well- 


known  instance  is  the  valve  employed  in 
many  small  steamers,  so  that  the  steam 
from  auxiliary  engines  may  be  directed 
either  to  the  atmosphere  or  to  the  oondeosar,  the 
oontroUiiig  valve  beinf  provided  with  a  seat  on 
each  paasace,  so  that  either  may  be  okMed  at  wilL 

Double  Shackle. — A  form  of  swinging 
telegraph  insulator  carrying  two  insulators 
joined  by  a  shackle  arrangement,  for  use 
at  points  where  a  bend  occurs  in  the  line. 

Double  Shear. — ^A  rivet  or  bolt  is  said  to 
be  in  double  shear  when  it  passes  through 
three  thicknesses  of  material,  thus  ex- 
posing its  cross  section  to  shearing  action 
m  two  places,  giving  each  unit  double  the 
resisting  power  it  possesses  when  in  single 
shear  or  unitiiuK  two  thioknesses.  The  aeoepted 
standard  of  boiler  rivetinc  is  to  aooount  a  rivet 
in  double  shear  to  posMss  1.76  the  strength  of 
single  shear. 

Double  Shed  Insulator. — A  line  wire  in- 
sulator havixig  a  deeply  indented  rim,  pro- 
ducing two  flanges  or  "petticoats"  sepa- 
rated by  an  air  space  for  increasing  the 
path  of  leakage;  a  double  cup  inauUUor. 

Double  Style  Printing  ReeeiTor. — ^A 

Morse  telegraphic  receiver  equipped  with 
two  points,  one  to  indicate  the  dots  and 
the  other  the  dashes  upon  the  paper  strip. 

Double  SucceeeiTO  Contact  Key. — A 

contact  key  adjusted  so  as  to  close  two 
circuits  in  succession. 

Double  Tandem. — A  type  of  engine,  em- 
ployed more  especially  m  textile  factories, 
where  a  umform  turning  effort  is  important. 
The  engine  is  arranged  as  a  cross  compoimd, 
but  a  tandem  pair  of  high  and  low  pressure 
cylinders  drive  each  crank. 

Double  Tapper. — ^In  single  needle  teleg- 
raphy, the  signaling  key.  consisting  essen- 
tially of  two  horizontal  levers  normally 
resting  against  a  metal  strip  joined  to  the 
zinc  pole  of  the  battery,  while  at  the  other 
end  another  strip  connects  with  the  plus 
pole.  By  depressing  the  "line"  key  or  the 
^*earth'*  key,  currents  may  be  sent  out  through 
the  circuit  in  dther  direction  ae  desired. 

Double  Teleg^phic  Transmieeion. — 

The  transmission  of  two  messages  at  once 
over  a  single  wire. 

Double  Telefl^raph3r. — A  term  sometimes 
applied  to  duplex  tdegraphy. 

Double  Throw  Switch. — A  knife  switch 
which  may  be  thrown  over  into  either  of 
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two  opposite  sets  of  contacts;  a  throW' 
aver  swUch. 

Double  ^  Toneh     M»g^etla»tioii«  —  A 

method  of  magnetizing  a  steel  bar.  The 
bar  to  be  magnetized  is  placed  upon  two 
other  bar  magnets  with  its  N  pole  resting 
upon  the  S  pole  of  one,  and  its  S  pole  upon 
the  N  pole  of  the  other.  With  two  other 
masnets,  one  in  ectch  hand  and  holdinc  the  two 
unbke  poles  together,  stroke  the  bar  beginning  at 
the  middle  and  drawing  them  away  from  each 
other  toward  the  ends,  xhe  process  should  be  re- 
peated about  ten  times  on  each  side- 
Double  Tranemissioii.— The  transmission 
of  two  messages  along  the  same  wire  at  the 
same  time  in  opposite  directions,  as  in 
duplex  telegraphy. 

Double  Transmitter  for  Engine  Tele- 
graph.— A  transmitter  employed  on  a 
twin  screw  steamship  for  signaling  from 
the  bridge  to  both  engines  at  once. 

Double  Trolley* — In  a  double  overhead 
ssrstem,  two  trollejrs  on  a  single  car,  one 
connecting  with  the  positive  conductor  and 
the  other  with  the  negative,  thereby  form- 
ing a  metallic  circuit. 

Double  Trolley  Ssrstenu — ^A  system  of 
electric  traction  in  which  the  troUev  wires 
are  used  to  form  a  metallic  circuit  through 
two  trolleys  on  each  car. 

Double  Truck  Car. — ^A  long  car  resting 
upon  two  trucks,  one  near  each  end,  as 
distinguished  from  small  sized  cars  sup- 
ported by  a  single  truck  under  the  midole 
of  the  car. 

Double  Vibration. — ^A  double  alternation, 
complete  cycle  of  vibration,  or  to  and  fro 
motum,  as  m  the  alternating  current  cycle. 

Double  Winding. — An  armature  winding 
consisting  of  two  independent  insulated 
coils,  each  joined  to  alternate  segments  of 
the  commutator,  thereby  dividing  the  cur- 
rent between  the  coils,  and  reducing  the 
inductance  in  the  circuit. 

Double  Wire  Circuit. — A  metallic  circuit 
completed  through  two  wires. 

Double  Wire  Cleat. — A  cleat  suitable  for 
fastening  two  wires  at  a  time  to  a  wall  or 
ceiling. 

Double  Wire  Moulding. — ^A  moulding 
provided  with  two  channels  or  grooves 
tor  supporting  two  wires. 


Double  Wire  Telephone  System. — A 

telephone  system  in  which  each  subscrib- 
er's line  is  a  separate  metallic  circuit  em- 
ploying two  wires. 

Double  Word. — ^A  word  of  such  length  as 
to  be  accounted  for  as  two  words  in  tele- 
graphic messages^ 

Double  Wound  Wire* — ^An  insulated 
wire  having  a  double  covering  of  insulating 
winding. 

Douehe»  Eleetric. — A  roray  or  shower  of 
electrified  water  for  medicinal  purposes. 

DoweL — 1 .  A  pin  of  wood  or  metal  inserted 
in  the  edge  or  face  of  two  boards  or  pieces, 
so  as  to  secure  them  together. 

2.  A  small  peg  to  attach  planks  edge- 
wise, as  in  a  cask  head. 

3.  A  plug  put  in  a  deck  to  cover  a  bolthead. 

Downcomers. — In  steam  engineering,  pipes 
fitted  in  water  tube  boilers  to  provide  down- 
ward circulation,  generally  to  mud  drums. 
Also  called  down  flow  pipes, 

Down  Contact  of  S^tch. — ^An  electrical 
contact  produced  by  moving  a  switch  down- 
ward. 

Down  Lines. — A  telegraphic  term  applied 
'    in  Great  Britain  to  the  lines  which  he  in 
the  direction  remote  from  the  chi^  station 
of  the  circuit,  as  opposed  to  up  lines, 

Down  Side. — A  telegraphic  term  applied  in 
Great  Britain  to  the  side  of  a  circmt  away 
from  the  chief  station,  as  distinguished 
from  the  up  side, 

D.  P.  Cut  Out. — Abbreviation  for  double 
pole  cut  out. 

D.  P.  Switch. — ^Abbreviation  for  double 
pole  switch. 

D.  O. — A  signal  in  submarine  telegraphy  to 
incucate  the  point  of  separation  between 
the  address  and  the  message  itself. 

Draft  Tube. — ^In  hydro-  electric  power  sta- 
tions, an  air  tight  suction  tube  fitted  to 
reaction  turbines.  Several  types  of  these 
latter  may  be  placed  as  much  as  30  feet 
above  the  tail  water,  if  this  pipe  be  fitted, 
80  that  the  weight  of  the  coliunn  of  water 
within  it  balances  part  of  the  atmospherie  press- 
ure, and  the  difference  of  pressure  durixis  the 
flow  through  the  turbine  is  the  same  as  if  the 
turbine  were  placed  at  the  bottom  of  the  faU. 
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jm — The  act  of  drawing  a  grapnel  along 
the  sea  bottom,  for  the  purpose  of  hooking 
a  submarine  cable. 

Dra^  ot  Mag^etie  Field. — ^The  force  ex- 
erted by  a  magnetic  field  upon  a  conductor 
carrying  an  electric  current. 

Drain  Cock. — 1.  A  small  valve  placed  on 
engine  cylinders  at  their  lowest  points  or 
wherever  pockets  are  liable  to  occur  in 
the  passages,  so  that  accumulated  water 
from  condensation  or  other  sources  may 
be  blown  ofif.  2.  A  similar  cock  fitted  for 
kindred  purposes  on  anything  containing 
or  passing  liquids. 


aw  Bar. — ^The  bar  by  which  a  locomo- 
tive is  attached  to  its  load. 

Draw  Bar  PuIL — ^The  pull  which  an  elec- 
tric locomotive  applies  to  the  draw  bar,  as 
distinguished  from  the  power  put  forth  by 
its  motor. 

Dra^rbridcpe  Froff. — ^A  form  of  trolley 
frog  adapted  to  the  point  of  connection 
with  a  drawbridge  wire. 

Drawiny"in^and«ont  Conduit. — ^A  con- 
duit with  ducts  for  underground  wires, 
and  conveniently  arranged  so  that  wires 
may  be  removed  or  inserted  at  will. 

Draw  TonM. — A  device  for  gripping  a  wire 
in  overhead  line  construction  in  the  opera- 
tion of  securing  the  needed  tension. 

Draw  Vise. — ^A  form  of  vise  for  gripping  a 
wire  in  overhead  line  construction. 


■ — ^A  German  term  for  a  rotat- 
ing or  rotary  current. 

Drifting  ot  Needle. — ^A  condition  of  a 
^Ivanometer  needle  in  which  it  fails  to 
mdicate  zero  on  the  scale  when  not  in 
operation,  due  to  fatigue  of  the  needle  sus- 
poision  or  faulty  construction. 

DrilL — ^A  drill  driven  by  an  electromagnetic 
motor,  and  having  either  a  rotary  motion 
for  metals,  or  a  percussion  or  reciprocating 
action  for  rocks.  In  the  percussion  drill 
the  stock  acts  as  the  core  of  a  pair  of 
solenoids  through  which  the  current  is 
sent  alternately. 

Drilling. — ^Boring  by  the  application  of  the 
heat  of  the  voltaic  arc,  or  by  an  electrically 
operated  drill 


Drip  Loop. — ^Before  a  wire  enters  a  build- 
ing a  downwardly  extending  loop  is  formed, 
the  lower  end  of  which  is  below  the  en- 
trance point.  Water  gathering  on  the 
wire  will  drip  from  the  loop. 

Driven  Circoit  of  Transformer. — ^The 
circuit  of  the  secondary  ooil  of  a  trans- 
former. 

Driven  Coil  of  a  Transformer. — ^A  term 
sometimes  applied  to  the  secondary  coil 
of  a  transformer. 

Driven  Pnlley. — ^When  two  pulleys  are 
working  together,  connected  by  a  belt, 
the  one  which  receives  the  motion  from 
the  other  is  called  the  driven  pulley. 

Driven  PoUegr  of  Dynamo. — ^The  pulley 
upon  the  armature  shaft. 

Driven  Shaft. — The  shaft  operated  by  the 
transfer  of  rotation  from  a  driving  pulley. 

Driving^  Gireuit  of  Transformer. — ^The 
circuit  of  the  primary  coil  of  a  trans- 
former. 

Driving  Coil  of  Transformer. — A  term 
sometunes  applied  to  the  primary  coil  of 
a  transformer. 

Driving  Current  of  Motor. — ^The  electric 
current  by  which  a  motor  is  driven. 

Drivings   Elecstromotive    Force. — The 

electromotive  force  brought  to  act  upon 
a  circuit  so  as  to  produce  a  current  in  it ; 
the  impressed  E.  M.  F. 

Driving^  Gear. — ^A  general  term,  signifying 
the  gearing,  belts,  pulleys,  clutches,  shaft- 
ing, etc.,  whereby  motion  is  transmitted 
to  a  machine. 

Driving^  Gear  of  Magneto. — ^In  a  mag- 
neto generator  for  telephone  work,  a  gear 
wheel  designed  to  engage  a  pinion  on  the 
armature  shaft  by  means  of  which  the 
armature  may  be  made  to  rotate  rapidly. 

Drivings  Points. — Certain  points  upon  the 
cover  plate  of  an  electric  railway  control- 
ler which  indicate  no  resistance  in  series, 
and  hence  are  the  ones  on  which  the  car 
should  be  driven.  They  are  cast  longer 
than  the  others  so  that  the  motorman  can- 
not mistake  them. 

Driving  Pressure. — ^The  electromotive 
force  brought  to  bear  upon  a  circuit  so  as 
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to  create  a  current  in  it;  the  impreased 
E.  M.  F. 

Driving  Pulley. — That  pulley  upon  a  line 
shaft  which  imparts  motion  to  the  counter- 
shaft of  a  machine  or  a  second  line  of  shaft- 
ing. 

Driving  PuUey  of  Motor. — The  pulley 
upon  a  motor  shaft  by  which  power  is 
delivered  from  the  motor. 

Driving  Shalt. — ^The  main  shaft  by  which 
power  is  distributed  from  the  central 
source. 

Drop. — 1.  A  device  to  attract  the  attention 
of  a  telephone  operator  using  a  switch- 
board having  a  drop  annunciator,  when  a 
subscriber  wants  a  connection.  A  pivoted 
drop  shutter  is  connected  to  the  armature 
of  an  electromagnet  and  held  suspended 
until  a  current  paadng  through  the  ooil  releases 
It,  when  it  falls  to  a  horiiontal  porition  display- 
ing the  number  of  the  line:  an  annunciator  drop. 
2.  A  lessening  or  fall  oi  electrical  potential  or 
electromotiye  force. 

Drop  Annunciator  or  Indicator. — An 

electromagnetic  annunciator  which  drops 
a  shutter  indicating  the  location  of  a  call 
or  signal  when  a  current  passes  through  its 
circuit. 

Drop  Grate. — ^A  panel  or  portion  of  a  fire 
grate  fitted  on  a  ninge,  so  that  it  may  be 
dropped  to  clear  it  of  ash  or  clinker. 

Drop  of  Kai^etle  PotentlaL — ^A  lessen- 
ing or  weakening  of  magnetic  potential. 

Drop  of  PotentlaL — ^The  loss  of  electric 
potential  in  a  circuit  due  to  the  resistance 
of  the  conductors,  equal,  at  full  load,  to 
the  maximum  current  multiplied  by  the 
resistance;  the  fall  of  potential. 

Drop  of  Volta^. — ^The  fall  of  the  value  of 
the  electromotive  force  in  any  part  of  a 
circuit. 

Drop  Tee. — A  short  piece  of  pipe  having  a 
lateral  outlet,  used  to  connect  a  line  of 
pipe  with  a  pipe  at  right  angles  with  the 
line,  and  runmng  doumward,  causing  the 
water  or  steam  exhaust  to  drop  down. 

Drop  Trolley. — ^A  trolley  wheel  and  pole 
having  a  siMing  by  which  the  trolley  is  set 
against  the  wire. 


Dross. — 1.  The  scimi  or  extraneous  matter 
of  metals,  thrown  off  in  the  process  of  melt- 
ing. 

2.  An  incrustation  formed  on  metals  by 
oxidation;  rust;  crust  of  metals;  waste 
matter;  any  worthless  matter  separated 
from  the  better  part. 

Drowned  Tnbee. — Those  generating  tubes 
of  water  tube  boilers  which  discharge  into 
the  steam  drum  below  the  water  level. 

Dram. — ^A  spool  or  reel  for  carrying  coils  of 
wire. 

Dram  Armatare. — ^A  d3mamo  or  motor 
armature  shaped  Uke  a  cylinder  and  having 
its  coils  wound  longitudinally,  or  parallel 
to  its  axis. 

Dram  Armature  Winding^. — ^The  method 
of  arranging  the  coils  upon  a  drum  arma- 
ture. 

Dry  Battery. — -An  electric  battery  made 
up  by  assembling  a  number  of  dry  voltaic 
cells.  The  term  is  often  applied  te  a  single 
dry  cell. 

Dry  Cable. — ^A  term  sometimes  applied  to 
a  conducting  cable  composed  of  wires  con- 
tained withm  a  lead  sheath  and  separated 
from  each  other  by  air  and  paper;  a  dry 
core  cable. 

Dry  CelL — ^A  primary  cell  which  does  away 
with  the  liquid  electrolyte,  so  that  there 
b  no  danger  of  spilling.  It  requires  no 
care,  being  thrown  away  when  exhausted. 
The  jar,  usually  of  dnc,  forms  one  electrode, 
and  the  other  electrode  of  carbon,  is  sus- 
pended in  the  jar  so  as  not  to  touch  the  nno. 
The  sine  is  protected  by  layere  of  blotting  paper, 
and  the  chamber  is  filled  with  a  mixture  of  car- 
bon, manganese  ciiozide  and  sawdust  (or  other 
absoxbent)  saturated  with  a  solution  of  sal  am- 
moniac The  top  is  sealed,  and  the  entire  cell 
is  cont^ed  in  a  cylinder  of  pasteboard.  The 
caxbon  is  the  positive  eleotxxKie,  and  the  sine  the 
negative. 

Dry  Core  Cable. — ^Air  space  and  paper 
core  cables,  consisting  of  wires  conteined 
within  a  seamless  lead  sheath,  and  sepa- 
rated fnnn  each  other  by  air  and  paper. 

Drj^  Distillation. — A  variety  of  destruc- 
live  distillation  without  the  use  of  water 
or  any  volatile  solvent. 

Dry  Gelatine  Cell. — ^A  voltaic  cell  having 
its  electrolyte  combined  with  gelatinous 
material  forming  a  jelly-like  mass;  a  form 
of  dry  cdl. 


DryPHe. 

Dry  Pile. — In  phvsics,  a  form  of  the  voltaic 

Eile,  constructed  without  the  use  of  a 
quid,  affording  a  feeble  current,  and  chief- 
ly useful  in  the  construction  of  electro- 
scopes of  great  delicacy. 


Dry  Steam. — Steam  which  contains  no 
moisture.  It  may  be  either  saturated  or 
superheated. 

Drv*  Transformer. — A  transformer  em- 
plo3ring  air  instead  of  oil  as  the  cooling 
agent. 

Dual  Eleetrolyeis. — ^The  chemical  decom- 
position of  both  the  metal  and  the  liquid 
in  which  the  metal  is  dissolved,  which  takes 
place  during  the  electrol3r8is  of  a  metallic 
salt. 

Dual  If^tioii. — ^Two  ignition  83rstem8  for 
igniting  the  charge  in  an  internal  combus- 
tion engine,  but  not  entirely  independent, 
that  is,  having  one  or  more  parts  in  com- 
mon; as,  a  battery  and  a  magneto  sys- 
tem both  having  one  set  of  spark  plugs  in 
common. 

Duet. — One  of  the  channels  in  an  under- 
ground conduit  in  which  wires  or  cables 
may  be  run. 

Dull  Pickllnf^. — In  electroplating,  a  pre- 
liminary dippmg  of  a  metallic  object  to 
give  it  a  dead  surface  so  that  after  plating 
it  will  show  a  matt  luster;  matt  dipping. 
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Movldin^. — ^A  moulding  designed 
merely  to  furnish  symmetry  to  a  room  in 
which  other  moulcungs  are  provided  for 
electric  wires. 

Duplex. — ^Double;  twofold;  working  in  two 
ways  or  by  two  parts  at  once;  as,  a  duplex 
pump. 

Duplex  Balance. — In  duplex  telegrapher, 
a  balance  mainlined  between  the  mam 
line  and  the  artificial  line,  so  that  the 
action  of  the  home  transmitting  instru- 
ment does  not  operate  the  home  relays. 

Duplex  Gable. — ^A  cable  composed  of  two 
separately  insulated  conductors  running 
siae  by  side. 

Duplex  Cireult. — ^An  electric  cireuit  asso- 
ciated with  duplex  telegraphy. 

Duplex  Cut  Out. — A  safety  fuse  so  adjust- 
ed that  a  new  strip  can  be  substituted  as  I 


soon  as  one  has  been  melted  by  an  excess- 
ive current. 

Duplex  Diplex. — A  term  sometimes  a^ 
phed  to  (^uadruplex  telegraphv,  which  is 
the  combination  of  dujMx  telegraphy  in 
which  two  messages  are  sent  simultaneous- 
ly in  opposite  directions  over  the  same 
wire,  ana  diplex  telegraphy  in  which  two 
messages  are  sent  at  the  same  time  in  the 
sa^e  direction. 

Duplex  Eleetrelysls. — ^A  term  sometimes 
applied  to  dual  electrolyeie. 

Duplex  Flat  Cable. — A  flat  cable  contain- 
ing two  separately  insulated  parallel  wires. 

Duplex  Insulatcr. — ^A  double  insulator 
for  a  line  wire. 

Duplex  Loop. — A  pair  of  wires  connecting 
a  branch  telegraph  office  with  the  duplex 
apparatus  of  the  main  office,  so  as  to  make 
the  duplex  system  available  at  the  branch 
office. 

Duplex  Pump. — A  direct  acting  non-rota- 
tive steam  pump,  in  which  equal  cylinders, 
either  simple  or  tandem  compound  are 
arranged  side  by  side;  the  piston  rod  of 
each  engine  being  prolonged  as  the  pump 
rod  of  the  pump  which  it  drives.  The 
chief  char&oteiutio  nes  in  the  yalve  gearing,  the 
steam  valve  of  each  pump  being  driven  through 
an  arrangement  of  levera  and  Unkworlc  from  the 
croflshead  of  its  neighbor. 

Duplex  Telesrraphy. — ^The  simultaneous 
telegraphic  transmission  of  two  messages 
in  opposite  directions  over  the  same  wire. 

Duplex  Telephony. — ^The  simultaneous 
telephone  transmission  of  two  messages 
in  opposite  directions  over  the  same  wire. 

Duplex  Tranemiesloa. — ^Transmission  of 
two  messages  simultaneously  in  opposite 
directions  over  the  same  wire. 

Duplex  Wire. — A  conductor  made  up  of 
two  distinct  wires  running  parallel  to  each 
other. 

Duplex  Working. — The  operation  of  du- 
plex telegraphy. 

Duration  of  Eleetric  Dieehari^. — ^The 
length  of  time  required  to  complete  a  dis- 
ruptive discharge. 

Dust  Proof. — Said  of  various  bearings  or 
portions  of  mechanism,   when  they  are 
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provided  with  caps,  covers  or  diaphragms 
in  such  a  maimer  as  to  exclude  tae  dust. 

Dust  Proof  Bearing* — One  constructed 
with  cans  and  guards  of  impervious  mate- 
rial so  that  dust  is  excludea  from  the  sur- 
faces in  contact:  a  necessary  device  with 
the  moving  parts  of  railway  rolling  stock, 
automobiles  and  vehicles,  generally. 

Dust  Telephone  Transmitter. — ^A  very 
effective  form  of  transmitter  in  which  car- 
bon **  dust "  or  granules,  held  between  two 
conducting  plates,  are  used  as  the  variable 
resistance  medium;  a  multiple  contact  car- 
bon transmitter. 

Dusty  Oases. — A  dangerous  mixture,  the 
cause  of  violent  explosions  in  mines,  flour 
mills  and  grain  warehouses.  Air  filled 
with  coal  dust,  etc.,  which  in  itself  is  too 
small  in  quantity  to  induce  explosion, 
becomes  explosive  on  the  addition  of  still 
smaller  proportions  of  combustible  gas. 

Dutchman. — A  piece  ''fitted  in"  to  restore 
a  worn  part  or  to  hide  a  defect. 

Dutch  MetaL — ^An  alloy  composition  of 
eleven  parts  copper  to  two  of  zinc,  forming 
the  most  maUeabie  of  alloys. 

Duty. — In  mechanics,  the  work  performed 
by  an  engine,  especially  a  steam  pumping 
engine,  as  measured  in  foot  pounds,  for  a 
certain  quantity  of  fuel  or  dry  steam  con- 
sumed. 

Duty  of  Pumps* — ^This  indicates  the  meas- 
urement of  the  work  performed  by  pumps; 
"  duty  trials  "  are  careful  tests  of  the  work 
done  by  the  larger  pumping  engines  for  a 
certain  quantity  of  fuel  or  dry  steam  con- 
sumed. 

D  Valve. — ^A  name  given  to  the  common 
slide  valve,  as  its  sectional  appearance  is 
not  imlike  the  letter  D. 

Dyad. — An  atom,  radical,  or  element  having 
a  capacity  to  unite  with  two  atoms  of 
hydrogen;  a  bivalent  or  divalent  dement. 

Dyad  Atom.— An  atom  having  the  valency, 
or  combining  power,  of  two  units,  i.  e.,  of 
two  atoms  of  hydrogen. 

Dynamic  Electricity. — ^A  term  applied 
to  electricitv  in  mottonf  as  distinguished 
from  static  electricity,  or  electricity  at  rest; 
also  called  current  dectricUy. 


Dynamic  Head. — ^In  hydraulics,  a  head 
usually  expressed  in  pounds  per  square 
inch,  representing  both  the  pressure  due 
to  the  elevation  to  which  the  water  is 
pumped,  and  that  due  to  friction  of  the 
water  in  the  pipes. 

Dynamic  Induction. — ^Magnetic  induction 

groduced  in  a  body  bv  a  moving  maguetie 
eld,  or  in  a  moving  Dody  by  a  stationary 
magnetic  field,  or  in  a  moving  body  by  a 
field  moving  at  a  different  rate. 

Dynamics. — ^That  branch  of  mechanics 
which  treats  of  the  action  of  forces  produc- 
ing motion  in  bodies;  the  science  of  moving 
forces;  opposed  to  etaiics. 

Dynamo. — A  machine  for  converting  energy 
in  the  form  of  mechanical  power  into  energy 
in  the  form  of  electric  currents,  by  means 
of  electromagnetic  induction.  The  dy- 
namo in  its  simplest  form  consists  of: 
(1)  an  armature,  which  in  revolving  in- 
duces electromotive  forces  in  the  eopper  oonduetor 
wound  UDon  it;  (2)  a  field  magnet,  wnioh  provides 
a  field  of  magnetic  tines,  to  be  cut  bv  the  arma- 
ture conductors  as  they  revolve;  (3)  the  pole- 
pieces;  (4)  the  commutator  or  collector;  (6)  tiie 
collecting  brashes  that  rest  on  the  commutator 
cylinder  and  take  off  the  current  of  electricity 
generated  by  the  machine.  Dynamos  are  classi- 
fied as  (1)  direct  current  dynamos,  and  (2)  alter- 
nating current  dynamos.  Tliow  of  the  fint  class 
are  subdivided  wil^  respect  to  their  wincUng,  as: 
(1)  series  wound:  (2)  shunt  wound:  (3)oompound 
wound;  each  type  having  its  partioubtr  usage. 

Dynamo  Armatnre  Coils* — The  arma- 
ture windings  of  a  dynamo. 

D;]rnamo  Battery. — Several  dynamos  act- 
mg  together  as  one  electric  source. 

Dynamo  Bmsh  Holders. — ^Adjustable 
clutches  for  holding  the  commutator 
bnu^es  of  a  dynamo. 

Dynamo  Bmsh  Trimmer. — A  device  for 
trimming  the  worn  contact  edges  of  com- 
mutator brushes. 

Dynamo  Chans^n^f  Switch* — ^A  switch 
for  changing  a  ^mamo  from  one  circuit  to 
another. 

Dynamo  Electric  Generator* — A  more 
precise  term  used  to  denote  a  djynamo; 
also  called  a  dynamo  electric  machine. 

Dynamo  Frame. — ^The  metal  body  of  a 
dynamo,  exclusive  of  the  bearings  and  base, 
but  including  the  pole  pieces. 
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ograph. — 1.  A  name  given  to  a 
telegraph  that  records  messages  in  type- 
written character  at  both  ends  of  the 
line. 

2.  An  electrical  instrument  for  register- 
ing the  work  put  out  by  any  kind  of  ma- 
dune. 


\ — A  name  given  to  instru- 
ments of  various  kinds  for  measuring  the 
amount  of  energy  expended  in  work. 

DjrnjuBometrie  Wattmeter. — A  name 
given  to  a  variety  of  electro-dynamometer 
in  which  the  fixed  and  movable  coils  con- 
stitute two  separate  circuits,  the  ampere 
wire  being  thick  and  of  low  resistance, 
and  the  voU  wire  thin  and  of  high  resist- 


DjnuuBO  Pole  Changrer. — ^A  duplex  or 
quadruplex  telegraph  transmitter  provided 
with  an  automatic  switch  or  contact  break- 
er for  reversing  the  direction  of  the  current. 


o  Power. — ^The  power  a  motor  may 
to  act  as  an  electric  generator. 


Dynamo  Res^nlator. — A  rheostat  for  reg- 
ulating the  action  of  a  dsoiamo. 

Djnamo  ReelstflUftce  Box. — A  form  of 
dynamo  regulator. 

Djiutmo     BtflUftdards. — The     supporting 
parts  of  a  dynamo. 


Dynamo  Terminals. — ^The  principal  ter- 
minals on  a  dynamo  connected  with  the 
external  circuit. 

Dynamotor. — ^A  combination  of  dynamo 

and  motor  on  the  same  shaft,  one  receiving 

current  and  the  other  delivering  current, 

usually  of   different   voltage,   tne  motor 

being  employed  to  drive  the  dynamo  with 

a  pressure  either  higher  or  lower  than  that 
reoeiTed  at  the  motor  tenninah.  In  one  fonn 
two  annaturee  aie  mounted  on  one  shaft  in  a 
aincle  field  or  in  separate  fields;  one  is  a  motor 
aimatuie  driven  by  the  original  current:  the 
other  generates  new  current.  This  is  a  "motor- 
djmamo**,  and  it  can  transform  continuous  cur- 
rents up  or  down.  Another  fonn  of  dynamotor 
is  called  liie  continuous  alternating  transformer. 
This  is  arranged  so  as  to  change  a  continuous  into 
an  alternating  current  or  the  reverse. 

A  motoi^<lynamo,   rotaiy  converter,  or  con- 
.    tinuoua  euneot  transformer. 

Dynamotor  Wlndln^^ — The  windings 
upon  the  armature  of  a  dynamotor. 

Dyne. — ^The  force  which,  acting  on  a  mass 
of  one  fF&m  for  one  second,  imparts  to  it 
a  velocity  of  one  centimeter  per  second. 
The  C.  G.  S.  unit  of  force. 

Dyne  Centimeter  per  Seeond. — ^The  C. 
G.  S.  unit  of  activity. 

Dyne-cm. — ^Abbreviation  for  dyne-centime- 
ter or  erg,  the  C.  G.  S.  unit  of  trorA;  or 
energy. 

Dyne-cm'. — Abbreviation  for  dyne-per- 
square-oentimeter. 


E. — 1.  In  electrical  eogineeiiDg, 
an  abbrevkation  for  earth. 

2.  A  contraction  eomelimea 
used  for  elect  romotive  force, 
as  in  the  fonnuta  for  Ohm's 
law: 


C  = 


R 


Earl^  Cnt  OK — In  steam  engineering,  a 


Bar  Piae«.— That  portion  <A  a  telephone 
receiver  desigaed  to  rest  agoinBt  the  ear 
of  the  listener. 

B»rtli. — 1.  The  ground  considered  as  a  me- 
dium for  completing  an  electric  circuit. 

2.  That  portion  of  the  ground  used  to 
complete  a  circuit. 

3.  A  fault  in  a  telegraph  line  due  to  the 
accidental  contact  of  a  part  of  the  circuit 
with  the  ground  or  with  conductor  lead- 
ing to  it. 

Eftrth  BMtterr  Cnrrent.— A  slight  elec- 
tric current  produced  between  the  two 
earth  plates  at  the  ends  of  a  telegraph  eir- 

Ea^rtli  CeU. — A  voltaic  cell  made  up  of  a 
voltaic  couple  sunk  into  moist  earth;  the 
moisture  of  the  earth  serving  the  purpoee 
of  the  electrolyte. 

Earth  Clreult. — 1.  An  electric  cireuitwhich 
is  completed  by  the  use  of  the  ground  as  a 

part  of  the  circuit;  a  ground  circuii. 

2.  In  ignition  of  internal  combustion 
engines,  tne  term  "to  ground"  means: 
to  the  metal  of  the  engine;  the  word  ground 
was  originally  applied  to  the  telegraph  cir- 
cuit where  the  earth  is  used  as  the  return 
conductor. 


Earth  CoIL— A  coil  of  wire 
rotating  upon  an  axis  at  such 
an  au^e  as  to  generat«  an 
electromotive  force  by  cutting 
the  hues  of  force  of  the  earth's 
magnetic  field. 

EaiHh  CoBBBction. — A  con- 
nection made  between  any  electrical  cir- 
cuit or  instrument  and  the  earth. 

Eartk  Cvrr«nt«. — 1.  Electric  currents 
flawing  through  the  ground,  due  to  natural 
difference  of  potential. 

2.  Slight  currents  produced  by  the  two 
earth  plates  of  a  telegraph  line. 

"    "■ •-  -■ --  '->  different  poteutbla  of  lh« 
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e  cabLiA.  where  the  wqi 
luly  affected  by  them. 


Earth«d  NantraL — In  transformer  prac- 
tice, the  grounding  of  the  middle  or  neutral 
point  of  the  KCOndary  winding  of  the 
transformer  in  order  to  reduce  fire  risk  in 
case  the  primary  should  become  accidents 
ally  grounded;  also  called  grounded  Mufa-oi. 


—A  conduit  for 
underground  or  other  concealed  wiring. 
made  of  glazed  earthenware  or  clay. 

Bartli  Gronndad  Wire. — A  wire  forming 
a  part  cf  an  earth  circuit. 


Earthkin. — A  magnetised  sphere  of  steel  or 
magnetite  having  a  distribution  of  magnet- 
ism similar  to  that  of  the  earth;  a  terdla. 

Earth  Ma^rnetle  State. — That  condition 
of  the  cartn  by  virtue  of  which  it  possesses 
magnetic  attraction.  The  intensity  of  the 
earth's  magnetic  force  at  any  place  is  the 
f(»ce  with  which  a  magnet  pole  of  unit 
strength  is  attracted. 
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or  other  circuits  for  the  purpose  of  ground- 
ing the  circuit. 

2.  In  overland  wireless  telephony,  metal 
plates  buried  in  the  groimd,  forming  the 
terminals  of  the  system. 

3.  In  the  mstaUatkn  of  lightning  arresters,  a 
sheet  of  copper  or  iron  some  10  sq.  ft.  in  area 
and  at  least  i  in.  thiok,  buried  deep  enough  to 
lie  in  damp  soil,  with  a  layer  of  powdered  ooke 
placed  above  and  below  it. 

Ejurth  PotentlaL — ^The  electric  potential 
of  the  earth  considered  as  a  large  conducting 
sphere.  This  is  due  to  a  positive  charge 
residing  near  its  surface,  but,  as  a  positive 
charge  generates  an  equal  nesative  charge, 
the  earth's  potential,  due  to  both  charges, 
equals  zero. 

Eju*th  Betuni* — ^The  earth  considered  as 
the  return  path  of  an  electric  circuit;  ground 
return* 

EajrtlTg  Field* — ^The  magnetic  field  pro- 
duced by  the  earth's  magnetic  poles. 

Earth's  Flux. — ^The  lines  of  magnetic  force 
existing  in  the  earth's  magnetic  field. 

Earth  Wires. — ^The  wires  by  which  a 
grounded  circuit  is  connected  to  the  earth 
plates. 

Eajrthwork*  — The  operations  connected 
with  excavations  and  embankments  of 
earth  in  preparing  the  foundations  of  build- 
ings. 

Easement. — A  privilege  secured  from  a 
propertv  owner  for  the  erection  upon  his 
place  of  poles  or  other  appliances  m  elec- 
trical construction. 

Eaeinc  Gear. — ^An  arrangement  of  levers, 
etc.,  fitted  to  one  safety  valve  of  each  boiler 
on  a  battery,  whereby  the  engineer  may 
ease  the  pressure  when  necessary. 

Ebonite. — A  hard  black  compound  of  india- 
rubber  and  sulphur,  having  nigh  insulating 
properties  and  considerable  value  for  gen- 
erating frictional  electricity;  vtdcanile. 

Ebullition. — The  rapid  production  of  vapor 
in  the  mass  of  a  liquid,  usually  called  boil- 
ing. 

Ebnriae. — ^An  imitation  of  ivory  made  vari- 
ously, as  of  bone  dust  and  albumen. 

Eeeentrie. — A  disc,  having  its  axis  of  revo- 
lution out  of  its  center  of  figure,  used  for 


obtaining  a  reciprocating  or  alternate  mo- 
tion from  a  circular  one,  espedally  in  the 
valve  gear  of  steam  en^es;  an  eccentric 
wheel.  The  motion  derived  is  that  of  a 
crank  having  the  same  throw:  it  is  a  crank  pin 
which  is  BO  laige  that  it  embraoes  its  shaft  and 
with 


Eccentric  Circle. — A  term  applied  to  the 
mechanical  movement  which  constitutes 
the  eccentric  strap  and  connections;  large- 
ly used  to  obtain  reciprocal  from  rotary 
motion  in  steam  engines,  pumps,  etc. 

Eccentricitsr. — ^The  distance  from  the  cen- 
ter of  a  figure  or  revolving  bodv  to  the  axis 
about  which  it  turns.  In  the  eccentric 
used  in  engineering,  this  distance  is  equal 
to  one-hay  the  throw. 

Economic  Coeflcient  of  Dynamo. — 1. 

A  number  expressing  the  ratio  between  the 
useful  output  of  a  dynamo  and  the  mechan- 
ical energy  absorbed  in  driving  it. 

2.  The  ratio  between  the  useful  output 
of  a  dynamo  and  the  total  dectrical  energy 
generated  by  it. 

Economiaer. — ^An  arrangement  d  tubes 
placed  in  the  uptake  or  flues  of  a  boiler 
serving  as  a  feea  water  heater,  thus  effect- 
ing economy  by  extracting  further  heat 
from  the  furnace  gases  after  thev  have 
passed  through  the  boiler  itself  and  before 
they  are  discharged  by  the  chimney.  In  connec- 
tion with  stationary  boUers,  the  tubes  of  the 
economiser  are  vertical;  they  are  kept  clean  by 
ring  scrapers  continually  traveling  up  and  down 
them,  a  small  engine  beinc  provided  for  driving 
the  scraper  mechanism.  In  certain  water  tube 
boOers,  the  eoonomiser  consists  of  a  series  of 
elements  similar  to  that  of  the  boiler  proper,  so 
that  it  really  constitutes  a  second  boiler. 

Economy  CoiL — ^A  combination  of  a  chok- 
ing coil  and  transformer  employed  with 
alternating  current  arc  lamps  when  the 
supply  voltage  is  greatly  in  excess  of  that 
required  by  tne  lamps. 

Eddy  Current  Loss. — The  loss  of  electric- 
al ener^  suffered  by  a  dynamo  or  other 
electrical  apparatus  on  account  of  the  exist- 
ence of  eddy  currents. 

Eddy  Currents. — ^Induced  electric  currents 
occurrinj[  when  a  solid  metallic  mass  is 
rotated  m  a  magnetic  field.  Thev  con- 
sume a  large  amount  of  energy  and  often 
occasion  harmful  rise  in  temperature.  The 
pole  pieces,  field  magnet  cores  and  armature 
of  dsmamos  and  motors  are  specially  subject  to 
these  currents:  also  called  FouoauU  currcfUs,  from 
the  name  of  their  discoverer. 
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Eddy  Diflplaeement  Currents. — ^Eddy 
currents  assumed  to  be  present  in  a  dielec- 
tric subjected  to  displacement  currents. 

Ed^wiae  Instmmeiit. — ^A  form  of  elec- 
trical measuring  instrument  designed  to 
economize  space  upon  the  switchboard, 
having  instead  of  a  flat  dial,  a  dial  with  a 
vertical  scale  in  the  form  of  an  arc  along 
the  curved  edge  of  the  instrument  case, 
which  is  moimted  in  such  a  way  as  to  pro- 
ject from  the  face  of  the  board. 

Edg^ewise  Ssrstem. — A  system  of  switch- 
board construction  for  a  large  central  sta- 
tion, designed  to  economize  sj^ce  and  to 
enable  one  person  to  supervise  all  the 
switchboard   apparatus;  it   provides   that 

all  the  instruments  shall  stand  at  right 
angles,  or  edgewise,  to  the  switchboard  face,  and 
that  all  the  appliances  belonging  to  any  one  cir- 
cuit shall  be  erected  one  above  the  other. 

Edgewise  Winding^. — A  form  of  coil  for 
winding  field  magnets  in  which  bare  copper 
strap  bent  edgewise  is  laid  on  with  sneet 
insulation  inserted  between  turns,  while 
the  outer  surfaces  are  left  improtected  in 
order  that  the  exposed  edges  may  radiate 
heat. 

Edison  Chemical  Meter. — ^An  electro- 
chemical type  of  ampere  hour  meter  once 
largely  used,  but  now  supei^eded  by  the 
recording  wattmeter.    The  Edison  meter 

.  consists  of  one  or  more  pairs  of  cells  con- 

♦fleeted  in  shunt  to  the  circuit.  Each  cell 
is  made  up  of  a  glass  jar  containing  two  sine 
plates  held  at  a  nxed  distance  apart  by  hard 
rubber  spacers  and  immersed  in  a  solution  of  zinc 
sulphate.  After  a  certain  period,  the  ampere 
houis  of  current  that  have  been  consumed  are 
measured  by  the  gain  in  weight  of  the  negative 
plate  due  to  electrolytic  deposit. 

Edison  Effect. — A  continuous  electric  dis- 
charge which  takes  place  when  a  metal 
plate  is  placed  near  one  of  the  terminals 
of  an  incandescent  lamp  filament. 

Edison-Lalande  Cell. — A  form  of  voltaic 
cell  having  a  low  resistance  and  little  polar- 
ization. It  consists  of  an  amalgamated 
zinc  plate  and  a  compressed  cake  of  copper 
oxide  placed  in  a  very  strong  solution  of 
caustic  potash. 

Edison  Stor»m  Battery. — A  bimetallic 
cell  developed  by  Edison  with  special  refer- 
ence to  the  needs  of  electric  automobiles. 
The  active  material  of  the  positive  plate 
is  peroxide  of  nickel  and  that  of  the  nega- 
tive plate  is  finely  divided  iron,  the  mate- 


rial being  held  in  flat  stamped  shallow  steel  boxes 
which  are  inserted  into  rectangular  openuga 
punched  into  a  Uiin  nickel  plated  steel  grid.  The 
electroljrte  is  a  twenty  per  cent,  solution  of  caus- 
tic soda. 

Edison,  Thomas  Alva.— Bom  1S47.  An 
American  inventor,  famous  for  his  experi- 
ments in  applied  electricity.  He  began 
life  with  newspaper  work  which  he  soon 
abandoned  for  tele^phy,  making  many 

original  inventions  in  duplex  s^tems  of 
operaticHi.  After  a  varied  experience  in  that  line 
he  come  to  New  York  in  1871  where  his  talents 
were  recognised  and  he  had  opportunity  to  profit- 
ably develop  his  ideas.  The  duplex  teMcraph 
was  made  a  success  the  following  year,  and  two 
years  later  the  quadruplex;  and  thereupon  he 
began  manufacturing  on  a  large  scale  for  the 
Western  Union  Telegraph  Co.  In  1876  he  gave 
up  his  factory,  and  established  his  experiment 
station  at  Menlo  Park,  N.  J.,  where  for  several 
years  he  worked  upon  the  problem  of  the  in- 
candescent electric  light,  exhibiting  a  successful 
bamboo  filament  lamp  in  Paris  m  1881.  He 
invented  the  phonograph  in  1878.  He  super- 
intended the  construction  of  the  first  incandes- 
cent lighting  station  in  New  York  in  1882.  Mov- 
ing his  laboratory  to  Orange,  N.  J.,  he  estab- 
lished there  a  lange  plant  for  electrical  experi- 
ment and  invention,  and  as  a  result  of  his  labors 
there  he  has  taken  out  400  patents.  Among  his 
inventions  nmy  be  further  named;  a  tsnpe  of 
dynamo,  a  nucrophone,  the  chemical  electrio 
meter,  an  electric  pen,  tiie  mimeograph,  the 
magnetic  ore  separator,  dead  beat  galvanometer, 
the  electric  torpedo,  a  telephone  transmitter,  and 
a  storage  batteiy.  His  chief  fame  rests  witJi  his 
development  of  the  telegraph,  his  invention  of 
the  incandescent  lamp  and  the  phonograph. 

Edison  Tubing* — ^A  built-in  underg^und 
system  of  laying  electric  conductors  in  the 
Edison  three  wire  system  of  electric  dis- 
tribution. 

Ediswan. — ^A  trade  name  for  incandescent 
lamps  and  other  electric  ai^paratus  largely 
usea  in  Great  Britain,  which  embody  in- 
ventions of  Edison  and  Swan. 

E.  E. — Abbreviation  for  electrical  engineer, 
a  degree  conferred  by  technical  schools 
upon  graduates  who  have  satisfactorily 
completed  the  course  in  electrical  engineer- 
ing. 

Eel*  Electric* — An  eel  foimd  in  South  Am- 
erican waters  capable  of  giving  violent 
electric  shocks,  it  is  the  most  powerful 
of  electric  fishes. 

Effective  Conductance* — ^The  ratio  of 
the  ener^  component  of  current  to  the 
total  E.  M.  F.  m  an  alternating  current 
circuit. 

Effective   Electromotive  Force* — The 

effective  value  of  the  E.  M.  F.  taken  as  the 
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aquaie  root  of  the  mean  square  of  the  full 
altemating  current  wave. 

Eflbetive  He»tinc  SnrfiMe.— The  part 
of  the  shell  or  tubes  of  a  steam  boiler  which 
has  water  on  one  side  and  fire  or  hot  gases 
on  the  other. 

Effeetive  Horse  Power. — The  amount  of 
useful  work  which  a  steam  engine  is  capable 
of  performing.  It  is  the  difference  be- 
tween the  indicated  horse  power  and  that 
required  to  drive  Uie  engine  when  it  is  run* 
ning  unloaded.  It  is  equal  to  the  brake 
horsepower. 


u — The  ratio  of  the 
wattless  component  of  E.  M.  F.  to  the  total 
current  in  an  altemating  current  circuit. 

Effeeiivo  Resistaiieo. — ^The  ratio  of  the 
energy  component  of  £.  M.  F.  to  the  total 
current  in  an  altemating  current  circuit. 

ElIiBctive  Startinif  Current, — ^The  value 
iA  the  starting  current  of  a  motor  as  indi- 
cated on  the  ammeter. 

Effective  Snseeptaiiee. — The  ratio  of  the 
wattless  component  of  current  to  the  total 
£.  M.  F.  in  an  altemating  current  circuit. 

EfBsetive  Value  of  Altematlni^  Cur- 
rent*— ^That  value  which  squared  and  mul- 
tiplied by  the  resistance,  gives  the  mean 
power;  or,  the  root  of  the  mean  value  of 
the  squares  of  the  momentary  values  of 
the  current;  also  called  virtual  voltage, 
and  root  mean  voltage. 

Effective  Value  of  E.  M.  F. — In  electric- 
al measurements,  the  square  root  of  the 
mean  square  value  of  the  full  altemating 
current  wave. 

EAdenejr. — ^The  ratio  of  the  net  power  out- 
put of  an  apparatus  to  its  gross  power  in- 
put; in  a  storage  battery,  the  efficiency  may 
oe  regarded  as  the  ratio  of  the  energy 
output  to  the  energy  intake  in  a  normal 
cycle;  in  an  incandescent  lamp,  it  is  the 
ratio  of  its  mean  spherical  candle  power 
to  the  watts  consumed. 

Eflldency*  Eleetrie* — ^In  a  dynamo  the 
electric  energy  delivered  by  the  machine, 
divided  by  uie  total  electric  energy  pro- 
duced. 

Efleien^  of  Conversion* — ^The  ratio  be- 
tween the  energy  delivered  by  a  dynamo 


in  the  form  of  electric  currents,  to  the  me- 
chanical energy  absorbed  by  the  machine. 

EAeieney  of  Distribution* — The  ratio  of 
the  electrical  energy  distributed  to  con- 
sumers from  an  electric  source,  to  the  energy 
generated  at  the  source. 

E  Aeienc^  of  Dynamo* — The  ratio  of  the 
volts  dehvered  at  the  terminals  of  a  dynamo, 
to  the  total  volts  generated  by  the  machine. 

EAeienc^  of  Electric  Lamp* — ^Frequent- 
ly described  as  the  ratio  of  the  power  ab- 
sorbed to  the  light  emitted;  that  is,  pro- 
portional to  the  watts  per  candle  power; 
but,  properly  apeaking,  it  is  the  ratio  of 
the  light  emitted  to  the  power  absorbed. 

EAciencjr  of  Electric  Motor* — The  ratio 
of  the  mechanical  energy  developed  by  a 
motor  to  the  electrical  energy  consumed 
in  driving  it. 

EAciency  of  Primary  CelL — The  ratio 
of  the  electric  energy  given  out  at  the  poles 
of  a  voltaic  cell  to  the  ener^  expended  in 
performing  electrolyEos  withm  it. 

E Adencv  of  Radiation* — ^The  ratio  be- 
tween the  luminous  rays  and  the  total 
radiation  emitted  by  a  radiating  body* 

EAciency  of  Stora^  Cell* — The  ratio 
of  the  output  to  the  mput  of  a  secondary 
cell;  the  owmHiy  efficiency  being  the  re- 
lation of  tne  ampere  hours  given  out  to  tl^ 
ampere  hours  put  in;  the  energy  efficiency 
being  the  relation  of  the  watt  hours  given 
out  to  the  watt  hours  put  in. 

EAciency  of  Transformer* — ^The  ratio 
of  the  power  taken  from  the  secondary  of 
a  transformer  to  the  power  supplied  to  its 
primary. 

EAorescence* — 1.  The  gradual  decompo- 
sition of  crystalline  salts  from  loss  of  water, 
resulting  in  a  whitish  powder. 

2.  The  deposit  which  is  the  result  of  this 
change,  especially  upon  the  surface  of  ve&- 
seLs  containing  a  solution  of  salts. 

EAuvium*  Electric. — A  stream  of  minute 
particles  formerly  supposed  to  be  given  off 
from  a  ma^et  or  electrified  body.  During 
the  early  history  of  the  science  all  electrical 
phenomena  were  attributed  to  this  im- 
aginary ''effluvium." 


• — ^The  rate  of  outflow  of  a  liquid 
from  an  opening  in  the  vessel  containing  it. 
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Effort. — ^In  mechanics,  a  force  which  acts 
upon  a  body  in  the  direction  of  its  motion. 

EAision. — In  chemistry,  the  escape  or  flow 
of  a  gas  through  a  thin  sheet  or  membrane 
into  a  vacuum. 

EffiTt  Eleetrie. — ^A  vacuum  tube  or  cham- 
ber resembling  an  egg  in  shape,  for  the  pur- 
pose of  exhibiting  luminescence  upon  the 
passage  of  an  electric  current  through  it. 

£•  H.  P. — ^Abbreviation  for  electrical  horse 
power. 

Eiffht  Bend. — In  steam  fitting,  a  bent  pipe 
whose  length  equals  one-eighth  of  tne 
circumference  of  the  circle  to  whose  radius 
the  curve  of  the  bend  is  struck. 

Rector. — ^An  apparatus,  consisting  of  a  se- 
ries of  conical  nozzles,  whereby  a  jet  of 
steam  or  compressed  air  propels  a  stream 
of  liquid  or  fluid.  The  prmciple  is  the 
same  as  that  of  the  injector,  but  the  eject" 
or  always  delivers  into  a  space  with  but 
little  pressure  upon  it,  hence  tne  differences  in 
the  design.  Ejectors  are  fitted  as  emeiiKency 
bilge  pumps  aboard  ship,  most  warships  having 
one  in  each  compartment;  and  they  are  em- 
ployed on  railways  to  actuate  the  vacuum  brake. 

Elastic. — Having  the  Quality  of  elasticity. 
Said  of  a  body  which  nas  the  property  of 
recovering  its  original  size  and  shape  after 
it  has  become  distorted  by  the  application 
of  force. 

Elastie  Fluids. — ^Those  which  have  the 
property  of  expanding  in  all  directions  on 
the  removal  o!  external  pressure;  as,  the 
air,  gases,  vapors. 

Elfrstieity. — ^The  property  possessed  by  a 
solid  body  of  resuming  its  original  shape 
upon  removal  of  any  force  which  has  mod- 
ified its  form  by  stretching,  compression, 
twisting,  etc.  In  a  fluid  this  property  per- 
mits  it  to  assume  its  original  volume  after 
compression. 

Elastieityy  Electric. — ^The  property  of  a 
dielectric  in  virtue  of  which  tne  passage  of 
a  displacement  current  due  to  the  electric 
stress  is  arrested;  it  is  equal  to  the  electric 
stress  divided  by  the  electric  strain. 

Elastic  Limit. — ^The  extent  to^  which  a 
body  may  be  deformed  or  strained,  and 
still  retain  the  power  of  completely  recov- 
ering its  original  shape  when  the  stress  is 
removed.     When  the  elastic  limit  is  ex- 


ceededj  the  body  acquires  a  permanent 
alteration  of  form,  or  **set". 

Elastic  Strength. — The  greatest  strain  or 
stress  which  a  body  is  capable  of  sustaining 
before  its  elastic  limit  is  reached. 

Elbo^ir. — A  pipe  fitting,  consisting  of  a  short 
bend  through  an  angle  of  90°,  though 
others  are  obtainable  which  give  an  angle 
of  45^.  Elbows  are  sometimes  made  with 
a  sharp  turn,  being  the  intersection  of  two 
cylinders  at  right  angles. 

Elbow  Connection. — A  connection  having 
a  bend  or  an  angle  not  far  from  90*^. 

Elbow  Connector. — ^A  device  for  joining 
two  conductors  in  an  elbow  connection. 

Eleetrepeter. — An  instrument  for.  chang- 
ing  the  direction  of  an  electric  current;  a 
pole  changer. 

Electrically-    Controlled     Clock.  —  A 

clock  whose  movements  are  controlled  or 
regulated  by  electricity. 

Electrical   Resistance   Pyrometer. — 

This  instrument  is  employed  to  measure 
heat,  depending  upon  the  increase  of 
resistance  in  a  platinum  wire  as  the  tem- 
perature rises;  this  rate  of  increase  is 
nearly  constant  and  the  instrument  is  so 
sensitive  that  it  can  record  changes  of  .00001°  C. 
over  a  very  great  range.  Another  method  used 
in  metallurgy  is  the  thermo-electric  couple,  con- 
sisting of  two  wires  of  dissimilar  metals  twisted 
together  in  series  in  connection  with  a  galvanom- 
eter, the  latter  deflecting  according  to  the£.  M.  F. 
at  the  junction,  and  graduated  to  a  very  wide 
range. 

Electrician. — ^A  person  who  is  versed  in 
the  knowledge  and  practice  of  electricity. 

Electricity. — ^The  name  given  to  an  in- 
visible agent  known  only  by  its  effects  and 
manifestations,  as  shown  in  electrical  phe- 
nomena. Electricity,  no  matter  how  pro- 
duced, is  believed  to  be  one  and  the  same 
thing.     The  terms  frictional    electricity, 

mai^neto  electric! ty^,  etc.,  though  convenient  for 
distinguishing  their  origin*  have  no  longer  the 
significance  mrmerljr  attributed  to  them  as  rep- 
resenting different  kinds  of  electric  force. 

Electricity  Meter. — ^An  instrument,  de- 
pending for  its  action  on  the  chemical  or 
the  electromagnetic  properties  of  an  electric 
current,  for  the  purpose  of  measuring  elec- 
tric supply  delivered  to  a  consumer  in  a 
distribution  system. 
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Electricity  of  Opposite  Si^pi* — In  elec- 
tro-statics, electric  charges  in  which  posi- 
tive and  negative  electrification  are  oppnosed 
to  each  other.  Bodies  so  charged  attract 
each  other. 


Electricity  of  Same  Sign* — In  electro- 

rmch  are  all  posi* 
tive  or  all  negative,  as  distinguished  from 


statics,  electric  charges  wmch  are  all 


electricity    of    opposite    sign.    Bodies    so 
charged  repd  each  other. 

ElectriUftble. — Capable  of  becoming  elec- 
trified, or  charged  with  electricity. 

Electrifleation. — 1.  The  act  of  charging 
with  electricity. 

2.  The  state  of  being  charged  with  elec- 
tricity. 

Electrified  Body. — ^A  substance  or  body 
charged  with  electricity. 

Electrify. — ^To  produce  an  electric  charge. 

Electrine. — 1.  Pertaining  to  or  resembling 
amber. 

2.  Made  of  the  alloy  dectrum. 

Electrisation* — ^The  act  of  charging  with 
electricity,  or  the  state  of  being  charged 
with  electricity;  electrification. 

Electro-anflBsthesia. — Causing  a  loss  of 
sensibility  to  pain  by  the  application  of 
electricity. 

Electro-ballistics. — ^Electricity  in  its  ap- 
plication to  the  determining  of  the  velocity 
and  force  of  flying  projectiles. 

Electrobath. — ^The  liquid  which  holds  in 
solution  the  metal  to  be  deposited  by  elec- 
troplating; the  bath. 

Electro-biologist. — ^A  person  versed  in  the 
science  of  electro-biolo^. 

Electro-biology. — ^That  branch  of  elec- 
tricity which  treats  of  the  electric  phenom- 
ena developed  in  living  beings,  either  man- 
kind or  animals. 

Electro-bi€»scopist. — ^A  person  versed  in 
electro-bioecopy. 

Electro-bioscopy. — ^The  application  of  an 
electric  cmrent  to  the  nerves  or  muscles  of 
the  human  body  to  determine  whether  or 
not  life  is  extinct  in  cases  of  doubt. 


Electro-brassingf. — ^Depositing  a  coating 
of  brass  in  electroplating;  brassing, 

Electro-calorimetry. — ^The  operation  of 
measuring  the  heat  developed  oy  an  elec- 
tric current  in  a  conductor  or  circuit. 

Electro-capillaritjr. — The  influence  of 
electricity  upon  capillarity. 

Electro-capillary  Phenomena. — Capil- 
lary forces  caused  to  act  by  the  action  of 
an  electric  current  through  a  capillary  tube; 
this  principle  is  utilized  in  the  construction 
of  the  capillary  electrometer. 

Electro-capillary  Revealer  or  Relay. 

— ^In  wireless  telegraphy,  a  variety  of 
wave  detector  and  relay  based  upon  the 
principle  that  the  capillary  attractions  at 
the  point  of  contact  between  mercury  and 
dilute  sulphuric  acid  undergo  modifica- 
tions upon  the  passage  of  an  electric  cur- 
rent. 

Electro-chemicaL — ^Relating  to  electro- 
chemistry. 

Electro-chemical    Accnniulator* 

— A  term  sometimes  appUed  to  the  storage 
battery. 

Electro-chemical  Deeoniposition. 

— ^The  breaking  up  of  a  molecule  of  matter 
into  its  separate  ions  or  aioms  by  the  ac- 
'    tion  of  electrolysis. 

Electro-chemical     Equivalent. — The 

weight  in  grams  of  an  element  liberated 
through  electrolysis  by  one  coulomb  of 
electricity.  The  electro-chemical  equiva- 
lent of  hydrogen  is  .000010352,  and  that  of 
any  other  element  may  be  obtained  by 
multiplying  this  number  by  the  chemical 
equivalent  of  that  element. 

Electro-chemical  Filtration. — ^A  term 
sometimes  applied  to  electric  osmose. 
When  a  strong  electric  current  is  passed 
through  certain  liquids  in  which  a  porous 
partition  is  placed  between  the  electrodes, 
a  part  of  the  liquid  is  carried  through  the 
membrane  in  the  direction  of  the  electric 
flow. 

Electro-chemical  Meter. — ^An  electric 
meter  which  measures  the  current  by  the 
amount  of  chemical  change  it  causes  in  a 
metallic  solution;  an  electrolytic  meter. 
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Electro-chemicaJl  Series. — The  group- 
ing of  the  chemical  elements  in  a  list,  usu- 
ally beginning  with  oxygen  and  ending 
with  potassium,  so  that,  with  reference  to 
their  electrical  affinities,  each  one  is  elec- 
tro-negative to  all  following  it  in  the  list, 
and  electro-positive  to  all  preceding  it. 

Electro-ehemicaJl  Telephone. — A  term 
sometimes  applied  to  the  eUxtro-motograph, 

Electro-chemist. — ^An  expert  in  electro- 
chemistry. 

Electro-chemisti^. — ^That  branch  of  the 
science  of  electricity  which  treats  of  the 
influence  of  electricity  in  producing  chem- 
ical changes.  All  electro-chemical  opera- 
tions are  performed  either  by  the  analyt- 
ical propertv  of  electrical  energy  when 
passed  throiuh  an  electrolyte,  or  bv  the  heat 
which  is  produced  when  a  current  of  electricity 
is  passed  through  a  conductor  which  is  not  an 
electrolyte. 

Electro-chromic  Rinn. — When  a  solu- 
tion of  lead  is  subjected  to  the  passage  of 
an  electric  current,  a  film  of  lead  peroxide 
forms  upon  the  anode,  and  if  the  anode  be 
a  plate  of  polished  metal  placed  horizon- 
tally in  the  liquid  beneath  a  platinum  wire, 

as  a  cathode,  the  deposit  forms  rintn  of  rainbow 
colors.  These  rings  are  known  as  Nobili's  rings 
or  metallochromes. 

Electro-chronometric  Counter.— The 

mechanism  in  a  series  of  electric  clocks  by 
which  the  principal  clock  operates  and  reg- 
ulates the  subordinate  clocks. 

Electro-contact  Mine. — A  submarine 
mine,  employed  in  naval  warfare,  which  is 
desired  to  explode  at  the  contact  of  a 
passmg  ship  which  completes  the  circuit 
of  an  electric  battery  on  the  shore. 

Electro-copperin§f. — Depositing  copper 
by  electroplating. 

Electro-crystallisation. — Crystallization 
occurring  during  electrolysis. 

Electro-culture  of  Plants. — The  use  of 

electricity  to  promote  artificially  the 
growth  of  plants. 

Electrocution. — A  term  often  applied  to 
the  method  of  inflicting  capital  punishment 
by  passing  a  current  of  electricity  through 
the  Dody  of  a  criminal. 

Electro-deposit. — A  coating  of  metal  de- 
posited by  electroplating. 


Electro-de|iosition« — The  process  of  coat- 
ing metalhc  articles  with  a  film  of  another 
metal  by  the  aid  of  electrolysis.  The  arti- 
cle to  be  treated  is  suspended  in  a  bath 
containing  an  acid  solution  of  the  metal  to 

be  deposited,  the  positive  wire  of  an  elec- 
rio  battery  or  dynamo  being  attached  to  an  anode 
or  mass  of  the  same  meted  as  that  in  the  solu- 
tion: the  nesAtive  wire  is  connected  to  the  object 
immersed.  By  the  action  of  the  electric  current, 
the  anode  at  the  positive  terminal  is  decomposed, 
and  deposited  upon  the  article  attached  to  the 
negative  pole. 

Electro-deposits. — ^Metallic  deposits  made 
throu^  the  agencv  of  electricity,  as  in  the 
reduction  of  metal  from  ores,  the  casting 
of  types,  and  electroplating. 

Electrodes. — 1.  In  electrolysis,  the  termi- 
nal plates  in  the  bath;  the  plate  by  which 
the  current  enters  the  solution  is  called  the 
anode  and  that  by  which  the  current  leaves 
is  called  the  cathode, 

2.  In  a  voltaic  cell,  the  plates  immersed  in  the 
exciting  fluid  or  electrolyte. 

3.  In  arc  li|diting,  the  carix>n8  which  form  the 
terminals  for  the  are. 

4.  In  electro-therapeutics,    terminals   for  the 
curative  appUcations  of  electricity. 

Electro-diagnosis. — ^The   application   of 
•  electricity  to  the  tissues  oi   the  human 
body  in  performing  medical  diagnosis. 

Electro-diapason. — ^A  tuning  fork  which 
is  kept  in  vioration  by  electricity. 

Electro-dynamic  Attraction. — The  at- 
traction which  electric  currents  exert 
upon  each  other. 

Electro-dynamic  Capacity. — A  term 
sometimes  applied  to  se{f  indiuiion. 

Electro-dynamic  Machinery. — ^The  ma- 
chines, apparatus  and  instruments  con- 
cerned with  electrical  energy  as  produced 
by  electric  currents. 

Electro-dynamic  Repulsion. — The 

tendency  of  two  electric  currents  flowing 
in  opposite  directions  to  repel  each  other. 

Electro-djrnamic  Rotation. — ^A  rotation 
produced  in  a  liquid  when  an  electric  cur- 
rent is  passed  through  it,  while  at  the  same 
time  it  is  influenced  bv  the  induction  of  a 
current  moving  at  right  angles  to  it. 

Electro-dynamics. — That  branch  of  the 
science  cS  electricity  which  is  concerned 
with  the  force  exerted  by  currents  upon 
one  another. 
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Electro-dynamometer. — An  instrument 
including  a  fixed  coil  surrounded  by  a 
movable  coil,  for  measuring  the  strength 
of  an  electric  current  by  means  of  the 
attraction  or  repulsion  exerted  by  one  part 
of  the  circuit  upon  another  part. 

Eleetro-onameL — An  impregnating  prep- 
aration for  electric  conductors.  It  is 
claimed  to  be  an  acid  and  moisture-proof 
varnish  with  good  heat  conducting  and 
cementing  qualities. 

Eleetro-enfl^raTiiifr. — 1.  An  etching  pro- 
cess in  which  a  metal  plate,  which  has  been 
covered  with  a  ground  and  etched,  is  sub- 
jected to  the  action  of  an  electro-bath  in 
order  to  cut  deeper  the  lines  of  the  design. 
2.  The  name  for  an  engraving  made  by 
this  process. 

Eleetro-etehiiiif* — ^A  term  sometimes  ap- 
plied to  dectro-engraving. 

Eleetro-eztnbetton  of  Ores. — ^The  reduc- 
tion of  metals  from  their  ores  by  means  of 
electricity. 

Electro-IUtratton. — The  same  as  electro- 
chemical filtration  or  electric  osmose. 

Eleetro-fttalon. — ^The  fusion  of  metals  by 
the  electric  current. 

Eleetroipen. — A  device  for  preventmg  cor- 
rosion and  pitting  within  boilers  in  con- 
nection with  surface  condensers.  A  large 
ball  of  zinc  is  suspended  in  the  water  space 
of  the  boiler,  to  which  are  soldered  copper 
wires,  these  being  led  to  any  part  of  the 
boiler  where  pittanc  om  oommeaoed.  It  w  neeee- 
aaiy  to  scraoe  toe  steel  absolutely  bright  to 
ensure  good  metallio  contact,  and  the  wires  should 
be  secured  by  bright  studs,  nuts  and  washers;  the 
temperatore  being  generallv  too  high  for  solder. 
Galvanic  action  set  up  in  the  boiler  now  attacks 
the  sine  instead  of  the  steel,  as  the  foimer  metal 
is  eleotio-positive  to  the  latter. 

Eleetro-ipeBesis. — ^In  electro-therapeutics, 
the  state  of  tetanoid  spasm  that  occurs  in 
muscles  highly  stimulated  by  electricity 
after  the  current  is  withdrawn. 

■ 

Eleetroipeajr. — Spasmodic  contraction  of 
the  muscles  of  the  limbs  which  occurs  when 
an  electric  current  passes  through  the 
nervous  system;  tetanus. 

Eleetro-^dinff. — Depositing  a  very  thin 
coating  of  gold  oy  electroplating. 

t. — Gilded    by   the   process  of 


Eleetro-ffilt.— 

electroplating. 


Eleetrogrntph. — ^A  tracing,  curve  or  record 
made  by  any  recording  electrical  instru- 
ment. 

EleetrogrntTnre. — ^A  reproduction  made 
by  a  special  electrolytic  process.  A  cast 
of  the  original  to  be  copiea  is  made  in  some 
porous  material,  and  is  then  placed  in  a 
suitable  electrolyte  so  that  its  siuface  is 
kept  wet  without  being  immersed.  A 
metal  disc  laid  upon  the  surface  becomes  tiie 
anode.  The  path  from  the  cathode  Iving  through 
the  face  of  the  cast,  the  metal  disc  becomes  cor- 
roded at  the  points  of  contact,  and  this  goes  on 
until  the  disc  bear.9  an  accurate  reproduction  of 
the  object  from  which  the  cast  was  made. 

Electro-kinetic  Energy. — Electric  ener- 
gy at  work;  the  energy  of  electric  flow. 

Electro-kinetics. — ^That  branch  of  electric- 
ity dealing  with  electric  currents  or  elec- 
tncity  in  motion,  as  distinguished  from 
electro-statics  which  treats  of  the  proper- 
ties of  simple  electrified  bodies  or  electric- 
ity at  rest. 

Electro-kinetic  Units.— The  electromag- 
netic units,  being  a  system  of  units  based 
upon  the  attraction  or  repulsion  between 
magnetic  poles. 

Electrolier. — A  fixture  for  supporting  a 
cluster  of  incandescent  electric  lamps. 

Electrolier  Arm. — A  bracket  by  which  an 
incandescent  lamp  is  attached  to  an  elec- 
trolier. 

Electrolier  Cnt  Out. — A  cut  out  in  the 

circuit  of  an  electrolier. 

Electrolier  Switch. — A  switch  for  turn- 
ing on  or  extinguishing  the  lights  of  an 
electrolier. 

Electro-lithotrity. — In  surgery,  the  oper- 
ation for  the  destruction  of  calculi  in  the 
bladder  by  electrolysis. 

Electrolysis. — ^The  decomposition  of  a 
chemical  compound  in  solution,  called  the 
dectrolyte,  into  its  constituent  elements, 
called  ionSf  by  the  passage  of  an  electric 
current  through  it.  There  are  two  kinds 
of  ionsy  viz. :  the  electro-positive  ons  called 
cation*  and  the  electro-negative  ions  called 
aniofiM;  the  former  appear  at  the  cathode  and  the 
latter  at  the  anode.  The  number  of  ions  liberated 
in  a  given  time  is  proportional  to  the  current 
strength.  The  current  may  be  regarded  as  being 
carried  through  the  electrolyte  b^  the  ions:  since 
an  ion  is  capable  of  carrying  a  nxed  charge  only 
of  +  or  —  electricity,  any  increase  in  the  current 
strength  necessitates  an  increase  in  the  number 
of  iooa. 
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Electrolyte* — 1.  The  liquid  decomposed  in 
electrolysis. 
2.  The  exciting  fluid  of  a  voltaic  cell. 

Electrolytic  Accumulator.  —  A  term 
sometimes  applied  to  the  storage  battery. 

Electrolytic  Assaying. — ^The  application 
of  eleci^lysis  to  the  testing  of  metals  to 
determine  their  purity. 

Electrolytic  Bath. — ^The  chemical  solution 
which  is  acted  upon  and  broken  up  into 
its  elements  by  the  electric  current,  by  the 
process  of  electrolysis. 

Electrolytic  Conduction. — ^The  conduc- 
tion of  electricity  through  an  electrolyte 
by  means  of  electric  charges  carried  by  the 
ions  separated  by  electrolysis. 

Electrolytic  Copper. — Copper  that  has 
been  freed  from  impurities  by  electrolysis. 
Crude  copper  leaving  the  smelting  works 
with  certam  percentages  of  impurities  is 
refined  by  electrolysis  so  that  electrolytic 
copper  has  more  than  98  per  cent,  of  the 
conductivity  of  pure  copper,  and  is,  therefore, 
Larsely  used  for  copper  wires  in  electric  lighting 
and  in  electric  macnines. 

Electrolytic  Corrosion. — ^The  corroding, 
by  the  action  of  electrolysis,  of  metal  pipes 
or  other  bodies  which  lie  in  damp  earth  in 
the  vicinity  of  electric  currents. 

Electrolytic  Decompositio n.— The 

breaking  up  of  a  molecule  into  its  separate 
ions  or  atoms  by  the  action  of  electrolysis. 

Electrolytic  Detector. — In  wireless  teleg- 
raphy, an  extremely  sensitive  form  of  de- 
tector consisting  of  an  electrolytic  cell, 
with  a  minute  anode  of  insoluble  material 
such  as  platinum,  and  a  larger  cathode 
immersed  in  a  suitable  electrolyte.  When 
oscillations  arrive,  the  anode  becomes  depolarized 
and  changes  occur  in  the  local  current  which  act 
upon  a  telephone  receiver,  where  the  message 
is  read. 

Electrolytic  Diaphrapn. — A  diaphragm 
or  partition  used  m  an  electroplating  bath. 

Electrolytic  Dissociation.  —  A  term 
sometimes  used  for  electrolytic  decompo- 
sition. 

Electrolytic  Dynamo. — A  continuous 
current  d^amo  that  furnishes  current  for 
electrolytic  processes. 


Electrolytic  Depilation« — ^The  removal 
of  hair  by  the  dectrolytic  destruction  of 
the  roots. 

Electrolytic  Hydrof^en. — ^Hydrogen  that 
is  freed  from  a  compound  by  electrolysis. 

Electrolytic  Instrument. — Any  instru- 
ment which  depends  for  its  action  upon  the 
electro-chemical  effects  of  an  electric  cur- 
rent upon  a  solution  capable  of  conducting 
electricity. 

Electrolytic  Interrupter. — A  form  of  in- 
terrupter em^oyed  with  induction  coils, 
especially  in  X-ra)r  work,  consisting  of  a 
platinum  needle  point,  introduced  through 
a  glass  tube,  as  one  electrode  and  a  large 
sheet  of  lead  as  the  other,  immersed  in 
dilute  sulphuric  acid.  If  these  electrodes  be 
connected  througn  an  inductance  to  a  source  of 
supply,  the  current  in  the  circuit  will  be  subject 
to  rapid  intemiptions. 

Electrolytic   Li^htning^  Arrester. — A 

form  of  lightning  arrester  designed  for  use 
in  high-tension  circuits.  It  is  based  on 
the  characteristic  of  aluminum,  as  an  elec- 
trode in  a  cell  with  carbon  or  other  metal 

combined  with  a  suitable  electrolyte,  of 
letting  current  flow  freely  in  one  direction  but  not 
in  the  opposite  direction,  while  if  both  plates  wpre 
of  aluminum  the  action  of  the  device  become? 
similar  to  that  of  the  safety  valve  on  a  steam 
boiler.  The  arrester  adapted  from  the^e  charac- 
teristics consists  of  a  large  namber  of  aluminum 
plates  assembled  in  tray  form,  insulated  from  each 
other,  and  all  containing  the  electrolyte,  and  the 
whole  enclooed  in  a  stoneware  jar. 

Electrolytic  Meter. — ^A  term  sometimes 
applied  to  the  electro-chemical  meter. 

Electrolytic  Rectifler. — A  form  of  recti- 
fier based  upon  the  property  which  an  alu- 
minum electrode  has  of  letting  electricity 
pass  in  one  direction,  but  not  in  the  other. 
One  form  employs  a  neutral  solution  of 
ammonium  phosphate  as  the  electrolyte, 
with  aluminum  as  one  electrode,  and  lead 
or  polished  steel  as  the  other.  Also  called 
aluminum  cell  rectifier. 

Electroljrtic  Refinin|f. — ^The  elimination 
of  impurities  from  metals  and  chemicals 
by  electrolysis. 

Electrolytic  Voltameter. — ^An  instru- 
ment for  measuring  the  value  of  an  electric 
current  by  the  action  of  electrolysis.  It  is 
a  convenient  means  of  calibrating  direct 
reading  electrical  instruments.  The  meas- 
urement depends  upon  the  amount  of  metal 
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deposited  by  the  eurrant  pasBing  through  the 
electrolyte.  Tlie  principal  foraoA  are  the  silver, 
copper  and  water  voltameters. 

dectrolyiable. — Capable  of  decomposi- 
tion by  the  action  of  electricity. 

Eleetrolyse* — ^To  decompose  a  substance 
by  the  action  of  an  electnc  current. 

Electrolyier. — That  which  performs  elec- 
trolysis. 

deetrolysiiif^  CelL — ^A  term  sometimes 
applied  to  an  electrolytic  cell. 

Electromagnet. — ^A  magnet  produced  by 
passing  an  electric  current  through  an  in- 
sula ted  wire  conductor  coiled  around  a 
core  of  soft  iron,  as  in  the  fields  of  a 
dynamo  or  motor.  In  such  a  magnet  the 
magnetism  is  preserved  only  while  the  cur- 
rent is  flowing  through  its  coiL 

Eleetroma^nette. — Relating  to  electro- 
magnets and  electromagnetism. 

EleetromaiC^etie  Ammeter. — ^A  type  of 
ammeter  suitable  for  the  measurement  of 
either  alternating  or  continuous  current, 
with  separate  calibration  for  each.  Th^ 
form  consists  essentiallv  of  a  coil  and 
plunger,  the  magnetic  puU  working  against 
gravity. 

Electroma^netie  Attraetion. — The  at- 
traction exerted  upon  each  other  by  un- 
like poles  of  electromagnets. 

Electroma^etie  BelL — ^A  bell  rung  by 
the  attraction  of  an  electromagnet;  an  dec- 
tricbdL 

Electromasn«tie  Blow  Out. — ^A  strong 
electromagnet  provided  in  the  controller 
of  an  electnc  car  to  blow  out  the  arcs  and 
sparks  arising  from  the  frequent  discon- 
nections made  in  the  controller;  otherwise 
the  sparking  might  destroy  the  contacts 
and  brushes;  also  called  magnetic  blow  out. 


Eleetromasnaetie  Brake. — A  brake 
which  is  applied  to  a  car  wheel  by  the  opera- 
tion of  electromagnets. 

Eleetromaffnetie  Call  BelL — ^A  call  bell 
rung  by  the  action  of  an  electromagnet; 
an  decmcbdl, 

Eleetromai^etie  Capacity. — ^A  term 
sometimes  applied  to  electromagnetic  in- 
ertia or  self-induction. 


Eleetromai^etie  Cut  Out. — An  auto- 
matic switch  which  opens  a  circuit  by  the 
action  of  an  electromagnetic  mechanism. 

Eleetromapietie  Dental  Mallet. — ^An 

instrument  for  hammering  fillings  into 
teeth,  striking  blows  in  c|mck  succession 
by  means  of  electromagnetic  mechanism. 

Electroma^^tic  Drill. — ^A  drill  worked 
by  electricity  for  piuposes  of  mining  or 
rock  boring;  an  dedric  drill, 

Eleetromapietic  Eye. — ^A  device  con- 
sisting of  a  copper  wire  bent  nearly  into  a 
circle,  having  a  spark  gap  between  its  ter- 
minals, for  the  purpose  of  examining  a  field 
of  electromagnetic  radiations. 

Electroma^netie  Field. — ^The  space 
which  is  supposed  to  be  illed  with  electro- 
magnetic lines  of  force. 

Eleetromai^etie  Flux. — The  distribu- 
tion of  the  lines  of  force  through  an  elec- 
tromagnetic field. 

Eleetromai^etie  Ctjroseope. — ^A  gyro- 
scope driven  by  an  electric  motor. 

Electromai^etie  Helix. — ^A  solenoid,  or 
coil  of  wire,  through  which  an  electric  cur- 
rent is  passing  while  encircling  a  core  of 
magnetic  material;  an  electromagnetic 
solenoid  or  electromagnet. 

Electromagnetic  Impulse. — ^A  pulsa- 
tion conveyed  to  the  ether  from  a  conduct- 
or carrying  a  pulsatory  current. 

Electromapietic    Induction. — The 

tendency  of  electric  currents  to  flow  in  a 
conductor  when  it  is  moved  in  a  magnetic 
field  so  as  to  cut  lines  of  magnetic  force. 
Faraday  discovered  that  if  he  took  a  wire, 
joined  the  ends  and  moved  it  rapidly  in 
front  of  a  masnet,  a  current  would  be  induced  in 
Ihe  wire.  Hue  action  of  the  magnet  is  called 
electromagnetic  induction.  The  current  is  called 
the  induced  current  and  it  is  upon  this  principle 
that  all  dynamo  electric  machinery  ii  based,  as 
well  as  induction  coils,  alternate  current  trans* 
formers,  and  other  electrical  appliances. 

Electromapietic  Inertia.  —  A  term 
sometimes  applied  to  seiy''4nduction  which 
is  an  inductive  effect  produced  in  a  circuit 
by  the  magnetic  lines  of  its  own  current 
cutting  across  other  parts  of  the  same  cir- 
cuit. This  action  produces  an  E.  M.  F. 
which  opposes  the  current  and  retards  it, 
so  that  tne  current  behaves  as  if  it  pos- 
sesses inertia. 
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Eleetromapietie  Intermitter. — An 

automatic  contact  breaker;  a  magnetic  vi- 
brator, 

ElectroButi^etie  Medliun* — ^A  medium 
exhibiting  the  phenomena  of  electromag* 
netism. 

Electronuisnetie  Meter. — An  electricity 
supply  meter  depending  for  its  action  upon 
the  electromagnetic  properties  of  an  elec- 
tric current.  In  this  type  the  entire  cur- 
rent may  pass  through  the  meter. 

Electroma^etie  Momentum. — ^The  self- 
induction  m  a  circuit,  whereby  an  effort 
appears  to  be  made  to  uphold  the  current 
wnen  the  circuit  is  first  broken. 

Eleetromaffnetic  Pop  Gnn. — An  elec- 
tromagnet navfng  a  tubular  central  portion 
containing  a  small  free  iron  core  which  is 
forcibly  projected  when  an  electric  ciurent 
passes  through  the  coilB. 

Electroma^nnetie  Principle. — The  prin* 
ciple  of  t^e  action  of  the  electric  current 
discovered  by  Oersted  and  developed  b^ 
Ampere,  Arago,  Davy  and  others.  It  is 
upon  this  principle  that  present  day  elec- 
trical engineering  is  based. 

Electromji^netle  Radiation. — The  pro- 
jection of  electromagnetic  waves  into  the 
ether  by  oscillatory  djscharges  from  an  in- 
duction coil  across  a  spark  gap. 

Electromagnetic  Repulsion. — The  re- 
pulsion exerted  by  two  like  electromag- 
netic poles  against  each  other. 

Electromapietic  Resonator. — ^A  near- 
ly complete  circle  or  square  of  wire  contain- 
ing an  adjustable  spark  gap,  employed  by 
Hertz  to  detect  electromagnetic  waves  in 
his  experiments  which  laid  the  foundation 
for  the  science  of  wireless  telegraphy. 

Electroma|rnetic  Rotation. — An  inten- 
sified manuestation  of  electro-dypamic  ro- 
tation of  a  liquid  when  the  acid  is  influenced 
by  an  electromagnet. 

Electromagnetic  Separator. — ^A  ma- 
chine for  the  collection  of  iron  oreSy  in 
which  a  powerful  electromagnet  is  used 
to  separate  particles  of  iron  from  foreign 
matter. 

Eleetromai^etic  Shunt. — ^In  telegraphy, 
an  electromagnet  forming  a  shunt  of  nigh 
self-induction  joined  in  parallel  with  the 


recdving  relay.  The  reostanoe  of  the 
magnetic  circuit  is  reduced  by  Uie  poles 
being  permanently  closed  by  a  soft  iron 
annatare.  A  ounent  is  produoed  ia  the  eoib  of 
an  electromacnetio  shunt,  m  the  oppoeite  direction 
to  the  relay  current,  on  »n*lri"g  tne  circuit  in  the 
coils  of  a  reoeivinc  relay:  on  breaking  the  circuit, 
a  currmt  having  the  same  direction  as  the  ounent 
in  the  relay  is  pitxluoed  in  the  shunt  < 


Electromaf^netic  Solenoid. — An  elec- 
tric conductor  bent  into  a  long  helix  of 
many  loops,  through  which  a  current  of 
electricity  is  passing^  and  encircling  a  cen- 
tral core  of  magnetic  material,  forms  an 
electromagnetic  solenoid  or  an  deetro- 
magneto 

Electromagnetic  Strain. — The  strain 
resulting  from  electromagnetic  stress. 

Electromai^netic  Stress. — A  force  pro- 
ducing an  electromagnetic  strain  due  to 
the  tension  and  compression  existing  in  an 
electromagnetic  field. 

Electromapietic    Telegfraph^*  — T  h  e 

Morse  system  of  telegraphy. 

Electromanetic  Theorgr  of  Light. — 

A  theory  advanced  by  Maxwell  that  waves 
of  light  are  electric  waves  of  very  short 
wave  lengths  and  high  frequency,  and  not 
mere  mechanical  motions  of  the  ether  as 
had  been  formerly  supposed. 

Electromagnetic  Unite. — ^A  system  of 
units  based  upon  the  attraction  or  repul- 
sion between  magnetic  poles,  employea  to 
measure  <|uantity,  pressure,  eto.,  in  con- 
nection with  electric  currents. 

Eiectromanetic  Vibrator. — On  a  seo- 
ondary  induction  coil,  a  device  for  making 
and  breaking  the  primary  current  with 
^eat  rapidity  when  the  battery  is  in  the 
circuit.  Its  operation  is  as  follows:  when 
the  battery  is  switched  into  the  primary 
circuit,  (a)  the  primaiy  current  flows  and  mag- 
netises the  core  ot  the  coil,  (b)  the  magnetised  core 
attracts  the  free  end  of  the  vibrator  and  breaks  the 
primary  circuit,  (c)  the  magnetic  attraction  ceasea 
and  the  vibrator  springs  back  to  its  original  posi- 
tion, which  ckises  the  pnmaiy  circuit  and  the 
cycle  begins  again. 

Electromagnetic  Voltmeter. — ^A  type 
of  voltmeter  in  which  the  dectrical  pres- 
sure is  indicated  by  a  magnetic  needle 
moving  in  an  electromagnetic  field. 

Electromagnetic  Waves. — W  a  v  e-1  i  k  e 

vibrations  created  in  the  universal  ether 
by  electrical  disturbances;  dectrie  rodio- 
tion. 
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Eleetromapietism*— The  phenomena 
which  accompany  the  production  of  mag- 
netiflm  by  electric  currents. 

Eleetromap^etisailoiu — ^The  imjMirtmg 
of  magnetigm  to  a  substance  by  subjecting 
it  to  tne  influence  of  an  electromagnet. 

Eleetro-nuMsa^* — ^Massage  of  the  body 
combined  with  the  application  of  electric- 
ity. 

Eleetro-meehanieal  Al»nii.-^An  alarm 
whose  mechanism  is  set  in  motion  by  eleo- 
tzidty. 

EleetrcMBeeluuiieal  Bell. — ^A  bell  having 
its  striking  mechanism  opei:ated  by  a  spring 
or  weight  combined  with  a  release  action 
performed  by  the  agency  of  an  electric  cur- 
rent. 

Electro»meeh»ntcal  Indicator. — An  in- 
dicator or  drop  having  its  mechanism 
thrown  into  action  by  an  electric  current. 

Eloctro-medieaL — ^Relating  to  the  use  of 
electricity  in  the  practice  of  medicine;  dec- 
trO'therapeutic. 

Eleetro-medleal  Apparatus. — Ainr  set 
of  instruments  for  the  application  of  elec- 
tricity in  medical  practice. 

Eloctro-metaUurp^eal   Cireuit. — ^An 

electric  circuit  wmch  performs  a  metal- 
lurgical operation. 

Eloctro-metallnrslcal  Deposit. — The 

layer  or  coating  ofmetal  deposited  upon  a 
conducting  surface  in  the  process  of  elec- 
troplating. 

Eleotro-metalliirg^cal  Oalvaniaation. 

— A  term  sometimes  employed  for  the  pro- 
cess of  depositing  a  metal  over  a  conducting 
surface  by  electrolysis;  electroplating. 

Eloetro-atetalliir|py. — A  general  term  cov- 
ering the  application  of  electro-chemistry 
to  the  industries;  it  includes:  firstlv,  the 
reduction  of  metals  from  solutions  of  their 
ores,  a  process  too  costlv  for  general  ap- 
plication, but  one  useful  in  the  accurate 
Msay  of  eertain  one,  aa,  for  example,  of  copper; 
aeeondly.  tlie  oopsrinc  of  types,  plaster  ca8tS|  and 
metal  work  by  eathode  deposits  of  metal:  thirdly, 
the  oovering  of  objects  made  of  baser  metal  with  a 
thin  film  of  another  metal,  such  as  sold,  silver,  or 
nickel  All  these  operations  are  included  under 
the  general  term  of  etectio-metallurcy. 

In  1836  De  La  Rue  observed  that  in  a  Daniell's 
eell  the  copper  deposited  out  of  the  solution  upon 
the  copper  plate  which  served  as  a  pole  took  the 


exact  impress  of  the  plate,  even  to  the  scratches 
upon  it.  In  1830,  Jacobi,  Spencer,  and  Jordan 
independently  developed  out  of  this  fact  a  method 
of  obtaining,  by  the  electrolysis  of  copper,  impres- 
sions (in  reversed  relief)  of  coins,  stereotype  plates, 
and  ornaments.  A  further  improvement,  due  to 
Murray,  was  the  emplovment  of  moulds  of  plaster 
or  wax.  coated  with  a  film  of  plumbai^  in  order  to 
provide  a  conducting  surface  upon  which  the  de- 
posit could  be  made. 

Eleetromoter. — An  instrument,  of  which 
there  are  many  forms,  for  measuring  differ- 
ences of  electrical  potential. 

Electrometer  Fatlfl[ae. — ^The  exhaustion 
of  the  elastic  suspension  of  an  electrometer 
needle  resulting  m  the  failure  of  the  needle 
to  return  to  zero  on  the  scale  after  deflec- 
tion. 

Electrometer  Gani^e. — A  form  of  abso- 
lute electrometer  employed  in  connection 
with  certain  types  of  electrometers  for  test- 
ing the  potential  of  the  needle  connected 
with  the  inner  coating  of  the  Leyden  jar 
belonging  to  the  apparatus. 

Eleetrometer  Voltmeter. — ^A  term  some- 
times applied  to  an  electro-static  volt- 
meter. 

Eleetrometric    or   Eleetrometrical. — 

Relating  to  the  electrometer,  or  to  the 
measurement  of  electric  potential. 

Eleetrometry. — The  art  or  practice  of 
dectrical  measurement. 

Electro-motion. — Mechanical  action  set  up 
by  electricity. 

Electromotive  Force* — ^The  force  which 
starts  and  maintains  a  current  of  electricity 
through  a  conductor;  it  is  commonly  meas- 
ured in  terms  of  a  unit  called  the  volt.  It 
is  abbreviated  E.  M.  F.  Unit  E.  M.  F.  is 
that  pressure  which  forces  one  ampere  of 
electricity  throush  a  resistance  of  one  ohm. 
Thompson  uses  the  term  electromotive  force  as 
follows:  **The  term  'electromotive  force*  is  em- 
ployed to  denote  that  which  moves  or  tends  to 
move  electricity  from  one  place  to  another.  In 
this  particular  case  it  is  obviously  the  result  of 
difference  of  potential  and  proportional  to  it;  just 
as  in  water  pipes,  a  difference  in  level  produces  a 
pressure,  and  the  pressure  produces  a  flow  as  soon 
as  the  tap  is  turned  on,  so  difference  of  potential 

f>roduces  electromotive  force,   and  electromotive 
orce  sets  up  a  current  as  soon  as  a  circuit  is  com- 
pleted for  tne  electricity  to  flow  through." 

Electromotive  Force  of  Induction.-^ 

The  electromotive  force  set  up  in  a  circuit 
by  the  influence  of  induction. 

Electromotive  Force  of  Polariaation. 

— ^The  counter  E.  M.  F.  set  up  in  a  primary 


Electromotive  Force  of  SeHf-induction. 
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cell  by  the  polarization  due  to  the  forma- 
tion of  hydrogen  bubbles  upon  the  surface 
of  the  copper  plate. 

Electromotive  Force  of  Self-indue- 
tion* — The  induced  electro-motive  forces 
in  a  coil  combined  to  form  an  E.  M.  F., 
called  the  counter  or  back  E.  M.  F.,  with  a 
direction  opposite  to  the  main  electromo- 
tive force  of  the  circuit. 

Electromotive  Intensity. — The  force 
which  is  exerted  upon  a  unit  charge  of 
electricity. 

Electromotive  Series. — An  arrangement 
of  different  metals  in  a  series  such  that  each 
one   becomes   positively   electrified   when 

C laced  in  contact  in  air  with  the  metal  next 
elow  it  in  the  series.  Volta  discovered 
this  property  and  from  his  observations, 
the  so  called  VoUa's  lato  has  been  formulated, 
tliat  the  difference  of  potential  between  any  two 
metals  is  equal  to  the  sum  of  the  differences  of 
potentials  between  the  intervening  metals  in  the 
contact  series.  The  arrangement  of  the  metals 
in  the  contact  series  is  as  follows: 


-h  Sodium 

Tin 

Gold 

Magnesium 

Iron 

Platinum 

Zinc 

Cooper 

— Carbon 

Lead 

Silver 

Electromotive  Source. — ^Any  source 
from  which  an  electric  current  arises,  such 
as  a  dynamo  or  voltaic  cell. 

Eleetro-motoflpaph. — An  apparatus  in- 
vented by  Eoison  and  consistmg  of  a  ro- 
tating cylinder  of  chalk  moistened  with 
caustic  soda  against  which  is  pressed  by  a 
spring  an  arm  carrying  a  metallic  brush, 
and  connected  with  a  diaphragm  producing 
constant  tension:  when  an  electric  current  pa^^sen 
through  the  point  of  contact  at  the  surface  of  the 
cylinder.  electrol]|rtic  action  causes  a  change  in 
the  friction.  This  varying  pressure  is  applied  in 
a  type  of  loud  speaking  telephone  in  wn:ch  the 
pit&  of  the  sound  emitted  varies  with  the  fric- 
tion. 

Electro-motog^aph  Telephon e. — A 

loud  speaking  telephone  constructed  on  the 
principle  of  the  electro-motograph. 

Electro-motor. — A  term  sometimes  ap- 
plied to  a  voltaic  cell  or  battery. 

Eleetro-ninseuUbr. — Relating  to  the  effect 
c^  electricity  upon  muscular  tissues. 

Electro*muscnlar  Excitation. — ^In  elec- 
tro-therapeutics, the  effect  produced  upon 
the  muscular  tissues  of  the  human  body  bv 
the  passage  of  electric  currents  through 
them. 


Electron. — ^The  positive  or  negative  charge 
of  the  ioUf  considered  as  indivisible,  and 
hence  the  smallest  quantity  of  electricity 
conceivable.  Electrons  are  atoms  of  elec- 
tricity, and  may  be  regarded  as  the  ele- 
ments of  construction  in  the  building  up  of 
atoms  of  matter.  The  electron  theoiy  is  now 
advanced  to  account  for  the  phenomena  of  light, 
the  nature  of  cathode  rays,  radio-activity,  aad  the 
ooDBtitution  of  matter  itself. 

Electro-necrosic. — ^Relating  to  death  by 
electricity  as  a  capital  punishment 

Electro-ne^tive. — 1.  Possessing  negative 
electrification. 

2.  Relating  to  those  elements  in  elec- 
trolysis that  appear  at  the  anode. 

Electro-negative  Ion. — ^In  electrolysis, 
the  element  which  appears  at  the  anode, 
or  positive  electrode;  the  anion. 

Electro -neg^ative  RftdicaL— The  electro- 
negative ion. 

Electro-negatives. — ^The  electro-negative 
ions. 

Electro-nervous  Excitation. — In  elec- 
tro-therapeutics, the  effects  produced  upon 
the  nerve  fibres  of  the  human  body  by  the 
passage  of  an  electric  current. 


. — Depositing  nickel  by 


Electro- 

dectroplating. 


Electro-optics. — That  branch  of  electrical 
science  which  treats  of  the  relation  of  elec- 
tricity to  light. 

Electropathic. — ^Relating  to  electropathy. 

Electro-patholo^. — The  use  of  electrici- 
ty in  the  diagnosis  ol  disease. 

Electropatliy. — The  use  of  electricity  in 
the  treatment  of  disease;  dectro4herapeu- 
tic8. 

Electro-phanieal. — ^Relating  to  death  by 
electricity  as  a  capital  punishment. 

Electrophobi*. — Unreasonable  fear  of  elec- 
tricity. 

Electrophone. — ^Any  instrument  for  pro- 
ducing or  transmittmg  sound  by  means  of 
electricity,  as  a  telephone  transmiUer. 

Electrophor. — An  abbreviation  sometimes 
used  for  electrophorus. 


Electraphoric  Medium^ 
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Electrophorie  Medium. — ^A  term  some- 
times applied  to  a  dielectric,  which  is  an 
insulating  or  non-conducting  medium  that 
permits  the  influence  of  an  electrified  body 
to  pass  across  it. 

Eleetrophoms. — ^A  simple  instrument  con- 
sisting of  a  plate  of  insulating  material  and 
a  metal  disc  with  a  glass  handle,  devised 
originally  by  VoHa  for  the  purpose  of  illus- 
trating electrostatic  induction. 

Eleetro-photomeier. — An  instrument  for 
companng  sources  of  light  by  referring 
them  to  the  light  of  an  electric  spark  as  a 
standard. 

Eleetro-photo-mieocraphiy. — ^The  art  of 
obtaining  photographs  of  minute  objects 
when  enlarged  by  the  microscope  with  the 
aid  oft  the  electric  tight. 

Electro-physiolog^at* — A  person  versed 
in  electro-physiology 

Eleetro-phiysiology. — ^The  science  of  elec- 
tric phenomena  in  animal  and  vegetable 
systems 

Eleetropism. — ^The  influence  of  electricity 
upon  the  direction  of  growth  of  vegetable 
organisms. 

Eleetroplatinif. — ^The  process  of  deposit- 
ing a  laver  or  coating  of  a  rarer  metal  upon 
the  surface  of  a  baser,  or  of  a  metal  upon 
any  conducting  surface,  by  electrolysis. 
The  full  details  of  the  many  processes  for 
electroplating  cannot  be  given  on  account 
of  their  length:  the  general  principle  includes  a 
batteiy  or  other  source  of  electric  current.  The 
battery  has  its  positive  plate  connected  to  a  rod 
extending  across  a  trough  or  tank  containing  the 
platins  bath.  Suspended  from  the  rod  are  anodes 
of  ^ola,  silver  or  copper,  or  whatever  metal  from 
which  a  deposit  is  desirea.  The  other  plates  of  the 
battery,  or  the  negative  elements,  are  connected 
with  another  rod  across  the  trough,  to  which  are 
suspended  the  articles  to  be  plated. 

Electroplatinif  Bath* — A  vessel  contain- 
ing the  solution  of  the  metal  to  be  deposited 
by  electroplating. 

Electro-pnenmatie* — ^Relating  to  the  ac- 
tion of  compressed  air  in  combination  with 
electricity. 

Electro-pnenmatie  Block  System* — ^A 

railway  block  system  provided  with  sema- 
phores operatea  by  compressed  air  under 
the  control  of  valves  having  electromag- 
netic action. 


Electro-pneamatic  Thermostat. — A  de- 
vice for  opening  or  closing  an  electric  cir- 
cuit by  the  expansion  of  a  gas  when  heated 
beyond  a  given  point. 

Electropoion* — A  trade  name  for  the  eleo- 
trol^  employed  in  the  Fuller  cell.  It 
consists  of  three  parts  bichromate  of  pot- 
ash, one  part  sulpnuric  acid  and  nine  parts 
water. 

Eleetro-polar. — ^Having  one  end  or  surface 
pNOsitiveTy  electrified  and  the  other  nega- 
tively electrified. 

Eleetro*positive. — 1.  Possessing  positive 
electrification. 

2.  Relating  to  those  elements  in  elec- 
trolysis that  appear  at  the  cathode. 

Electro-positive  Ion* — In  electrolysis,  the 
element  which  appears  at  the  cathode  or 
negative  electrode;  the  cation. 

Electro-positive  RadicaL — The  electro- 
positive ion. 

Electro-positives. — The  electro-positive 
ions. 

Electro-potential  Energy. — Electrical 
energy  having  the  capacity  of  doing  work, 
but  not  actually  at  work;  electric  energy 
in  reserve. 

Electro-proipiosis. — ^In  electro-therapeu- 
tics, a  scientific  calculation  of  the  probable 
outcome  of  the  disease  based  upon  the  diag- 
nosis of  the  case  by  the  application  of  elec- 
tric currents  to  the  diseased  parts. 

Electro-psychology. — A  proposed  name 
for  the  study  of  so-called  animal  magnet- 
ism. 

Electro-punctnre.—The  surgical  operation 
of  inserting  one  or  more  needles  in  an  affect- 
ed part  of  the  body  and  then  applying  an 
electric  current  for  the  removal  ot  diseased 
growths. 

Electro-pyrooteter. — An  instrument  for 
measurmg  high  temperature  by  the  increase 
in  the  electric  resistance  of  platinum  wire 
exposed  to  the  heat. 

Electro-receptive  Devices. — ^Devices  of 
various  kinds  designed  for  utilizing  the 
electric  current  as  it  passes  into  or  through 
them;  transloHng  devices. 
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Iileeiro*refliiin|f. — ^The  refining  of  metals 
by  means  of  electricity. 

Eleetroseope. — ^An  instroment  used  to  de- 
tect the  presence  of  an  electric  charge  and 
to  determine  whether  the  charge  is  positive 
or  negative.  A  familiar  form  is  tne  gold 
leaf  electroscope  consisting  of  two  strips  of 
gold  foil  suspended  from  a  brass  rod  within 
a  glass  jar.  To  measure  the  amount  of  the 
charge,  however,  it  is  necessary  to  use  an 
electrometer. 

Eleetroscopte  Omxtge. — ^A  name  given  to 
an  early  variety  of  gold  leaf  electroscope. 

Electroscopy. — ^The  use  of  the  electroscope 
in  detecting  the  presence  and  determining 
the  kind  of  electnc  charges. 

Electrose. — ^A  trade  name  for  a  substance 
manufactured  into  high  power  transmission 
insulators.  It  has  a  brown,  smooth  pol- 
ished surface,  is  very  strong,  does  not  ab- 
sorb moisture,  and  possesses  good  insulating 
properties. 

Electro-semaphore.— A  semaphore  (a  rail- 
way signal)  operated  by  electncity. 

Eleetro-eilverinif. — Electroplating  with 
silver. 

Eleetro-smeltinif. — ^The  reduction  of  met- 
als from  their  ores  by  heat  derived  from 
electricity. 

Electro-etatie  Attraction* — Attraction 
exerted  upon  each  other  by  bodies  carrying 
unlike  electric  charges. 

Electro-static  Aurora* — A  term  some- 
times applied  to  electro-static  corona. 

Electro-static  Capacity. — ^The  quantity 
of  electricity, with  which  a  condenser  must 
be  charged  in  order  to  raise  its  potential 
to  a  given  amount,  the  electrical  imit  of 
capacity  is  the  farad. 

Electro  static  Charipe  Current  of  Ca- 
ble.— A  sudden  rush  of  electricity  into  a 
submarine  cable  as  soon  as  an  electromo- 
tive force  is  applied  to  the  line. 

Electro-static  Circuit. — 1.  A  circuit 
through  which  an  electro-static  discharge 
passes. 

2.  A  circuit  composed  of  the  paths  of 
electro-static  flux  or  lines  of  force. 


Electro-static  Corona. — ^The  luminous 
phenomena  which  occur  on  the  surface  of  a 
thin  sheet  of  mica  or  similar  insulator  when 
inserted  between  two  electrodes  which  have 
a  high  difference  of  electrical  potential. 

Electro- static  Current.— The  rate  of  flow 
of  electro-static  lines  of  force  through  an 
electro-static  circuit. 

Electro-static  Difference  of  PotentiaL 

— Difference  of  potential  occurring  in  elec- 
trified bodies. 

Electro-static  Discharp^e. — ^A  disruptive 
discharge.  A  sudden  discbarge  of  static 
electricity  which  takes  place  in  the  form  of 
a  flash  or  spark  across  a  non-conducting 
medium,  lying  between  two  electrified  bod- 
ies having  different  potentials,  when  the 
stress  upon  the  medium  causes  it  to  give 
way  to  the  passage  of  the  electricity. 

Electro-static  Field. — ^The  re^on  occu- 
pied by  electro-static  lines  of  force  in  the 
vicinity  of  an  electro-statically  charged 
body;  electro-static  field  of  force. 

Electro-static  Flux. — ^The  lines  of  force 
traversing  an  electro-static  field. 

Electro-static  Force.— The  force  between 
any  two  electrified  bodies  which  causes 
them  to  attract  or  repel  each  other. 

Electro-static  Generator. — An  electro- 
static indttction  machine. 

Electro-static  Indicator. — ^A  term  some- 
times applied  to  the  electrometer. 

Electro-static  Induction. — The  power 
which  a  charged  bodv  possesses  of  causing 
an  opposite  electrical  state  in  its  vicinity 
under  certain  conditions. 

Electro-static  Induction  Machine. — A 

machine  for  generating  electricity  upon  the 
principle  of  electro-static  induction.  A 
small  initial  charge  is  made  to  increase 
rapidly  bv  the  rotation  of  one  or  more  glass 
discs.  They  are  made  in  a  variety  of  forms 
and  are  often  called  ir\fluence  maehinee. 

Electro-static  Influence. — ^A  term  some- 
times applied  to  dectro-etatic  induction. 

Electro-static  Leakage* — ^The  gradual 
loss  of  electrification  from  a  charged  body 
which  inevitablv  takes  place  because  of  the 
impossibility  of  effecting  absolute  insula- 
tion. 
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Eleetro-0t»tie  Lines  of  Force. — ^The 
lines  of  force  traversing  an  electro-static 
field;  dectro-eUUic flux, 

Elaetro-statie  Motor. — A  motor  driven 
by  electro-static  induction  acting  between 
two  electro-static  fields. 

Eleetro-staiic  Optical  Stress.—  A  stress, 
due  to  electro-static  expansions  and  con- 
tractions, producing  a  strain  upon  glass  or 
other  optical  mediums,  which  can  be  ob- 
served by  the  aid  of  a  ray  of  polarized  light. 

Electro-static  Potential. — The  capacity 
iA  doing  work  possessed  by  a  particle  of 
matter  charged  with  one  unit  of  positive 
electricity. 

Electro-static  Repulsion. — Repulsion 
exerted  against  each  other  by  bodies  carry- 
ing like  electro-static  charges. 

Electro-static  Resistance. — ^The  resist- 
ance offered  b^  a  charged  body  to  the  flow 
of  electro-static  lines  of  force. 

Electro-static  Retardation. — In  teleg- 
raphy, retardation  in  transmission  due  to 
capacity  of  the  line. 

Electro-statics. — ^That  branch  of  the  sci- 
ence of  electricity  which  treats  of  the 
properties  of  simple  electrified  bodies  or 
of  electricity  supposed  to  be  at  rest,  as  dis- 
tinguished iTOia  electro-kinetics  which  deals 
with  electricity  in  motion. 

Electro-static  Strain. — The  strain  ex- 
perienced by  a  substance  exposed  to  an 
electro-static  field  of  force. 

Electro-static  Stress. — A  stress  of  ten- 
sion and  compression  producing  an  electro- 
static strain  upon  a  body  in  an  electro- 
static field. 

Electro-static  System. — ^The  system  of 
electro-static  units.    . 

Electro-static  Units. — A  system  of  units 
of  measurement  based  upon  the  attraction 
or  repulsion  between  electric  charges;  the 
electro-static  system. 

Electro-static  Voltmeter. — A  voltmeter 
designed  to  measure  high  voltages,  based 
upon  the  principle  of  electro-static  attrac- 
tion between  two  bodies  charged  to  opposite 
potentials;  it  acts  on  the  principle  of  the 
quadrant  electrometer,  and  consists  essen- 


tially of  a  fixed  conductor  in  the  form  of  two  in- 
sulated buttenfiy  shaped  sheets  of  brass,  and  a 
movable  conductor  consisting  of  a  thin  strip  of 
aluminum  ruiting  upon  a  knife  edge;  an  elec- 
trometer voltmeter,  or  open  cireuiU  voUmeUr 

Electro-static  Wattmeter. — A  modifica- 
tion of  the  (juadrant  electrometer  designed 
to  give  readings  directly  as  a  wattmeter. 

Electro-steeling^. — Electroplating  the  cop- 
per plates  used  in  engraving  with  a  thm 
coatmg  of  iron. 

Electro-stenolysis.— In  electro-chemistry, 
a  phenomenon  closely  related  to  electrical 
endosmose.  It  has  been  observed  that, 
when  a  salt  solution  separated  into  two 
portions  by  capillaries  is  electrolyzed,  a 
deposition  of  metal  takes  place  in  the  cap- 
illaries. This  action  is  called  electro- 
stenolysis. 

Electro-stereotype. — ^A  term  sometimes 
applied  to  the  electrotype, 

Electro-stereotypingf. — A  term  some- 
times applied  to  electrotyping. 

Electro-striction. — A  phenomenon  in  elec- 
tro-chemistry, in  whicn  all  liquids  whose 
dielectric  constant  is  increased  by  pressure, 
suffer  a  contraction  in  a  strong  electric 
field. 

Electro-synthesis. — The  process  of  chem- 
ically combining  electro-positive  and  elec- 
tro-negative elements  by  means  of  elec- 
tricity. 

Electro-taxis. — ^The  influence  of  electricity 
upon  the  direction  of  movement  of  simple 
living  organisms. 

Electro-technics. — ^The  science  of  the  ap- 
plication of  electricity  to  the  industrial 
arts. 

Electro-thanasingf. — Meeting  accidental 
death  from  an  electric  current  or  shock. 

Electro-therapeutic  Bath. — A  bath  pro- 
vided with  electrodes  for  the  application 
of  electricity  in  the  cure  of  disease. 

Electro-therapentic  Breese. — A  brush 
discharge  of  electricity  from  the  point  of  a 
positivelv  charged  conductor  employed  in 
electro-therapeutics. 

Electro-therapeutic   Di flbsion.  —  The 

spread  of  electric  current  in  uneven  densi- 
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ties  through  the  different  portions  of  the 
human  body  lying  between  two  electro- 
therapeutic  electrodes. 

Eleetro-therapeutic  Dosage. — ^Adjust- 
ing the  proportion  of  an  electro-therapeutic 
application  to  the  requirements  of  the  case 
imder  treatment. 

Electro-therapeutic    Electrode. — An 

electrode  suitable  for  the  application  of 
electricity  to  the  body  in  the  treatment  of 
disease. 

Electro-therapeutic  Galvaniiatlon. — 

The  effects  produced  on  the  tissues  of  the 
human  body  by  the  electric  currents  ap- 
plied for  the  cure  of  disease. 

Electro-therapeutic  Head  Breeze. — 

A  convective  electric  discharge  for  treat- 
ment of  the  head  in  electro-therapeutics. 

Electro-therapeutics. — The  use  of  elec- 
tricity in  the  treatment  of  disease;  eZec- 
tropaihy. 

Electro-therapeutist. — One  who  is  skilled 
in  medical  electricity,  or  who  practices  elec- 
tro-therapeutics. 

Electro-therapy. — A  term  sometimes  ap- 
plied to  electro-therapeutics. 

Electro-therm. — An  electric  heating  appa- 
ratus employed  in  electro-therapeutics;  it 
consists  essentially  of  an  asbestos  mat  con- 
taining a  resistance  wire  woven  in,  the 
whole  enveloped  in  a  pad  of  felt. 

Electro-thermal    Chemistry. — The 

branch  of  electro-chemistry  embracing  the 
methods  in  which  the  electric  current  in- 
creases the  temperature  of  substances  so  as 
to  produce  fusion,  chemical  action  and 
other    effects.    Electro-thermal    processes 

include  the  production  of  calcium  carbide  from 
lime  and  carbon  in  the  electric  furnace;  the  smelt- 
ing of  metallic  compounds  by  the  heat  of  an  elec- 
tric current,  as  the  reduction  of  iron  ore  in  an 
electric  furnace;  the  electric  fusion  of  refractory 
substances,  such  as  silica  and  alumina;  and  tiie 
working  of  various  metals  by  electric  heat*  as  in 
welding,  forging,  rolling,  casung. 

Electro-thermal  Meter. — ^A  term  some- 
times applied  to  the  hot  wire  ammeter  or 
voltmeter  which  operates  on  the  principle 
that  if  an  electric  current  be  passed  through 
a  constant  resistance,  the  heat  generated 
must  be  equal  to  the  square  of  the  current. 
The  Cardew  voltmeter  is  the  earliest  type 
of  electro-thermal  meter. 


Electro-thermancy. — ^That  branch  of  the 
science  of  electricity  which  treats  of  the 
thermo-electric  effects  at  a  junction  in  a 
circuit  composed  of  dissimilar  conductors. 

Electro-thermic  or  Electro-thermotic. 

— ^Relating  to  heat  generated  by  electricity. 

Electro-tinning. — ^Electroplating  with  tin. 

Electro-tint. — A  method  of  making  a  de- 
sign in  relief  for  printing  by  suitably  treat- 
ing the  plate  upon  which  the  lines  are 
drawn,  and  then  subjecting  it  to  the  action 
of  an  electro-bath. 

Electro-tinting^ — ^The  process  of  preparing 
an  electro-tint. 

Electrotisic. — Relating  to  the  electric 
death  penalty. 

Electrotisingf. — Inflicting  capital  punish- 
ment by  applying  a  current  of  electricity; 
conmionly  called  electrocution. 

Electrotome. — A  name  for  a  variety  of 
automatic  contact  breaker  which  has  such 
a  rapid  movement  as  to  produce  sound. 

Electrotonic  Effect. — A  term  sometimes 
applied  to  electrotonus. 

Electrotonic  Excitability. — ^The  excit- 
ability of  a  nerve  or  muscle  by  the  passage 
of  an  electric  current  through  it. 

Electrotonic  Theory. — A  theory  of  elec- 
tricity which  accounts  for  light  and  other 
radiations  as  being  disturbances  set  up  in 
the  surrounding  ether  by  the  change  in 
the  motions  of  the  corpuscles  or  infinites- 
imal units  of  electricity  which  exist  in  the 
ether. 

Electrotonus. — ^The  altered  state  of  a 
nerve  or  muscle  resulting  from  the  applica- 
tion of  an  electric  current. 

Electrotype  Process. — The  process  of 
making  electrotypes  or  electros. 

Electrotyping^. — ^The  reproduction  of 
type,  wood  cuts,  etc.,  in  copper,  by  the 
aid  of  electro  deposition.  A  mould  is  first 
made  of  the  set  tvpe  in  wax;  this  mould 
is  next  coated  with  black  lead  to  give  it 
a  metallic  surface,  as  the  wax  is  a  non- 
conductor; the  mould  is^  tiben  subjected  to 
the  process  of  electro  deposition,  resulting  in  the 
formation  of  a  film  of  copi>er  on  the  prepared  sur- 
face.    The    copper  ahell  is  removed    from    the 
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mould  by  apphrins  hot  water;  the  shell  is  then 
backed  up  vntn  electrotype  metal  to  render  it 
strong  enough  for  use. 

Electro-tgrpog^raphic — Relating  to  print- 
ing with  tne  aid  of  electricity. 

Eleetroveetion* — A  phenomenon  observed 
when  a  strong  electric  current  is  passed 
through  certain  liquids  when  a  porous  par- 
tition  is  placed  between  the  electrodes. 
The  current  carries  a  part  of  the  liquid 
through  the  membrane  m  the  direction  of 
the  flow  of  electricity;  electric  osmose. 

Electro-vital. — Relating  to  electricity  as- 
sociated with  vitality. 

Electro-Titallsm. — A  system  or  theory 
pertaining  to  the  relations  between  elec- 
tricity and  vitaUty. 

Eleetram. — 1.  A  name  for  amber,  a  sub- 
stance which  may  be  readily  electrified  by 
friction. 

2.  An  alloy  of  gold  and  silver  made  by 
the  ancients. 

Element* — ^In  chemistry,  one  of  the  simple 
constituents  of  matter  which^  thus  far, 
has  resist<Kl  all  efforts  of  the  analjrst  to 
decompose  it  further. 

Elementary  Hatter* — ^Matter  which  can- 
not be  chemically  decomposed  into  simpler 
forms;  the  elements. 

Element  of  Current. — ^A  small  fraction 
of  an  electrical  current  taken  for  conve- 
nience in  mathematical  processes. 


Elements  of  Primary  Cell.— The  sub- 
stances which  form  the  voltaic  couple  of 
a  primary  or  voltaic  cell.  The  elements 
consist  of  (1)  the  electrodes  or  plates  of 
metal    or   otner    substance.      One    plate 

made  of  zinc  is  called  the  generating 
electrode  and  the  other  plate  the  conducting  elec- 
trode. The  latter  is  usually  made  of  carbon,  cop- 
per being  the  next  most  commonly  used,  (2)  the 
electrolyte  or  exciting  fluid  which  is  the  liquid  in 
which  the  electrodes  are  immersed  and  which  acts 
upon  them  and  produces  a  current  in  a  wire  con- 
necting the  two. 

Elements  of  Storage  Battery. — A  pair 
of  prepared  metal  plates  suitable  for  use 
as  the  accumulators  of  electrical  energy  in 
a  cell  of  a  secondary  or  storage  battery. 

Elements  of  Windings. — ^The  conductors 
which  make  up  the  wmdings  of  a  dynamo 
or  motor  armature. 


Elevator. — ^A  lift  or  hoist  consisting  of  a 

platform  or  cage,  working  between  vertical 

guides,    operated    either    through    ropes 

driven  by  steam,  electricity,  compressed 

air,  or  water  power,  or  by  the  direct  thrust 

or  lift  of  a  hydraulic  plunger.  An  electric 
elevator  is  usually  provided  with  a  switch  and 
rheostat  by  which  it  is  started,  stopped  and  re- 
vened.  Pulling  the  rope  downwaixls  as  far  as 
possible  causes  the  car  to  ascend.  A  slight  pull  in 
the  opposite  direction  opens  the  switch,  allov/s  the 
brake  to  apply  and  the  car  comes  to  a  stop.  Pul- 
ling the  rope  upwards  as  far  as  possible  causes  the 
car  to  descend.  The  same  effect  is  produced  by 
the  turning  of  a  hand  wheel — forwards  or  buck- 
wards. 

Elevator  Annunciator. — An  annunciator 
carried  by  an  elevator  for  the  purpose  of 
indicating  to  the  operator  the  number  of 
the  floor  from  which  a  call  is  sent. 

Elevator  Switch. — A  switch  carried  bv 
an  elevator  for  controlling  the  motor  which 
operat-es  the  elevator. 

Ellipse. — A  plane  figure  enclosed  by  a 
curved  line,  which  is  such,  that  the  sum 
of  the  distances  between  any  point  on  the 
circumference  and  the  two  foci  is  invari- 
able. The  ellipse  may  also  be  defined  as  a 
conic  section  obtained  by  a  plane  cutting 
a  cone  obliquely  to  its  axis. 

Elliptical  Arch. — A  masonry  arch  built 
to  a  semi-ellipse  instead  of  a  semi-circle,  to 
avoid  excessive  rise  in  the  centre. 

Elliptically  Rotatingf  Mag^netic 
Field. — A  rotating  magnetic  field  in 
which  phases  of  current  vary  between  zero 
and  90°,  so  that  the  diagrammatic  repre- 
sentation is  a  uniformly  rotating  line  vary- 
ing in  length  and  tracing  an  ellipse. 

Elonf^ation. — 1.  The  amplitude  of  the 
angle  described  by  a  measuring  instrument 
which  starts  at  zero  and  ends  at  a  maxi- 
mum value.  With  galvanometers,  elonga- 
tion shows  the  value  of  the  current  passing 
in  the  galvanometer. 

2.  The  amount  to  which  a  test  piece  of  plate 
stretches*  between  two  fixed  points,  due  to  a 
steady  and  slowly  applied  force,  which  pulls  and 
separates  it.     This  elongation  is  made  up  of  two 

{>art9 :   one  due  to  the  general  stretch,  more  or 
ess,  over  the  length;   the  other,  due  to  contrac- 
tion of  area  at  or  about  the  point  of  fracture. 

Embedded  Coils. — Armature  coils  wound 
in  grooves  or  channels  sunk  into  the  sur- 
face of  a  dynamo  or  motor  armature. 

Embosser. — A  type  of  telegraph  receiver 
which  registers  a  message  by  embossing  the 
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signals  upon  a  paper  ribbon;  a  tdegraphic 
embosser, 

EmerMncy  Brake. — ^A  brake  of  excep- 
tional power  furnished  to  electric  vehicles 
for  use  only  in  emergencies. 

Emergency  Cable. — A  light  cable  of  con- 
venient length  suitable  for  temporarily 
mending  an  overhead  line  after  an  accident 
while  repairs  are  in  progress. 

Emergency  Crew. — ^A  gang  of  men  ready 
to  respond  to  an  emergenc^r  call  in  case  of 
accident  in  an  electric  distribution  system. 

Emerffency  Switch. — A  supplementary 
switcn  on  the  controller  of  a  trolley  car  for 
reversing  the  motor  in  an  emergency. 

Emery. — This  is  a  dark  colored  granular 
variety  of  corundum^  which  is  the  hardest 
substance  found  native,  next  to  the  dia- 
mond. The  emery  rocks  are  crushed  into 
powder  of  varying  degrees  of  fineness,  which 
are  used  in  that  state  as  abrasive  or  polish- 
ing agents,  or  else  consolidated  with  various 
binding  materials  into  hones  or  wheels  and 
discs  for  grinding  p\u*poses. 

Emery  Paste. — A  polishing  material  com- 
posed of  grease  combined  with  the  finest 
emery  powder. 

E.  M.  F. — ^Abbreviation  for  dedromotive 
force. 


I. — ^The  act  of  emitting,  giving 
or  throwing  out;  as,  the  emission  of  light 
and  flame. 

Emissivity. — ^Radiating  power,  or  capacity 
for  emitting  radiation. 

Emissivity  of  Filament. — ^The  radiating 
power  of  a  filament  when  conducting  an 
electric  current. 

Empaneled  Wires. — Wires  concealed 
within  panels  or  mouldings. 

Emptied. — A  term  applied  to  a  condition 
ofa  storage  battery  or  condenser  when  dis- 
charged. 

Empyrical. — 1.  Of  or  pertaining  to  com- 
bustion. 

2.  Having  a  combustible  principle;  as, 
coal. 

Enamel. — A  substance  of  the  nature  of 
glass,  but  more  fusible  and  more  opaque, 


used  for  giving  a  highly  polished,  orna- 
mental surface;  as,  enameled  metal  or 
enameled  brick. 

Enameling^. — ^In  engineering,  the  process 
of  covering  the  surface  of  metals  with  non- 
metallic  coatings  similar  to  varnish.  Two 
principal  kinds  are  employed,  viz.,  vitrified 
enameling,  which  consists  in  covering  the 
surface  of  cast  iron,  or  other  metal,  with  a 
coat  of  vitrifiable  material  similar  to  glass;  and 
varnish  enameling  consisting  in  covering  the  metal 
with  some  form  of  varnish  at  moderate  temper- 
ature. The  latter  process  is  employed  for  the 
chassis  of  motor  cars. 

Enclosed  Are  Lamp. — ^A  form  of  arc 
lamp  in  which  a  small  globe  encloses  the 
arc  so  that  only  a  small  amount  of  air  is 
permitted  to  enter,  thereby  retarding  the 
consumption  of  the  carbons  and  increasing 
the  life  of  the  lamp  far  beyond  that  of  the 
original  simple  open  arc  type. 

Enclosed  Fuse. — In  a  system  of  electric 
wiring,  a  safety  fuse  placed  within  a  tube 
of  vulcanized  fiber,  paper  or  similar  mate- 
rial containing  contacts  at  the  ends,  and 
fiUed  with  some  light  porous  material 
When  an  enclosed  fuse  is  olownj  the  forma- 
tion of  an  arc  is  prevented  either  mechanically  or 
by  the  chemical  action  which  takes  place  between 
the  filling  and  the  melted  fuse.  This  tyl>e  of  fuse 
is  commonly  called  from  its  shape  and  sise  a  car- 
tridge fu»e. 

End  Cells. — ^The  cells  near  the  end  of  a 
storage  battery  which  are  cut  in  and  out  of 
circuit  by  means  of  the  end  cell  switches  in 
order  to  keep  the  voltage  constant  at  the 
battery  terminals. 

End  Cell  Switch. — ^A  f orm  of  switch  em- 
ployed in  connection  with  a  storage  battery 
m  order  to  control  the  end  cells  for  regula- 
ting the  voltagle;  bajUery  sintch. 

End  Connectors. — Copper  plates  used  for 
connecting  up  the  ends  of  the  conducting 
strips  of  a  bar  armature;  end  vfindinga. 

Endless  Belt. — A  belt  which  returns  upon 
itself  so  as  to  have  neither  beginning  nor 
end,  passing  over  two  or  more  pulleys  to 
transmit  power. 

Endless  Chain. — A  chain  whose  ends 
have  been  united  by  a  link. 

Endoscope. — A  lamp  suitable  for  illumina- 
ting internal  cavities  of  the  human  body 
for  purposes  of  medical  examination. 

Endosmometer. — An  instrument  for  meas- 
uring the  action  of  endosmose. 
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Endonnose. — The  passage  of  a  fluid 
through  a  porous  partition  into  another 
denser  fluia,  and  tne  consequent  mixing 
of  the  two. 

Endoflnnose*  Eleetrle. — The  passage  of  an 
electrolyzed  liquid  into  another  denser 
liquid  through  an  interposed  septum  or 
partition. 

Endomnotie  Equivalent. — ^The  ratio  be- 
tween the  amount  of  water  that  passes 
'through  a  porous  medium  to  the  amount 
in  exchange  of  a  substance  in  solution. 

Endothermic* — ^Relating  to  absorption  of 
heat. 

Endothermie  Compound. — In  chemistry, 
a  compound  which  is  formed  from  its  ele- 
ments with  absorption  of  heat. 

Endothermie  Reaetion. — A  chemical  re- 
action accompanied  by  absorption  of  heat. 

End  Play. — Movement  endwise,  or  room 
for  such  play  or  movement. 

End  to  End  Joint. — ^A  method  of  joining 
two  lengths  of  wire  by  bringing  the  ends 
into  close  contact  and  soldering  or  welding 
them  together;  commonly  called  the  *^bttU- 
joint." 

Endnranee. — The  capacity  of  a  material 
to  resist  stresses,  especially  those  known 
as  live  loads,  where  rapid  alternations  of 
forces  take  place. 

Energetics. — ^That  branch  of  science  which 
treats  of  the  laws  governing  the  physical  or 
mechanical,  in  distinction  from  tne  vital 
forces,  and  which  comprehends  the  con- 
sideration and  general  investigation  of  the 
whole  range  of  physical  phenomena. 

Energy  Component. — ^In  an  alternating 
current  circuit,  the  working  or  active  com- 
ponent of  the  current  in  phase  with  the 
volts,  as  distinguished  from  the  watUeaa 
component  which  differs  in  phase  from  the 
volts  by  90°  and  contributes  nothing  to  the 
watts. 

Energy  Current. — In  an  alternating  cur- 
rent circuit,  the  working  or  active  compo- 
nent of  the  current  in  phase  with  the  volts; 
the  energy  component,  as  distinguished  from 
the  watUees  component. 

Energy  Efflcieney. — ^The  efficiency  of  an 
electric  machine  measured  in  watt  hoiu«  or 
kilowatt  hours;  the  xdoU  hour  efficiency. 


Energ;^»  Electric. — ^The  work  done  in  a 
circuit  or  conductor  by  a  current  passing 
through  it.  When  a  current  flows  from 
one  point  to  another,  electric  potential  ' 
energy  is  lost  and  work  is  accomplished.  : 
The  amoimt  of  this  work  is  measured  by  , 
the  quantity  of  electricity  that  flows,  multiplied  : 
by  the  difference  of  potential  under  which  it  flows;  | 
its  unit  is  the  joule. 

4 

Enersy  Meter. — A  name  sometimes  given  *. 
to  the  tvattmeter. 

Energnr  of  Motion. — ^The  eneri^  possessed  j 
by  a  body  in  virtue  of  its  motion;  kinetic  , 
energy;  it  is  the  work  necessary  to  bring  a  | 
body  from  its  actual  velocitv  to  a  state  of  j 
rest.  The  measure  of  the  kinetic  energy  * 
is  the  product  of  the  weight  of  the  body,  ' 
multiplied  by  the  height  from  which  it 
must  fall  to  acquire  its  actual  velocity. 

Enersy  of  Position. — Potential^  energy, 
or  the  energy  possessed  by  a  body  in  virtue 
of  its  position,  as  distinguished  from  the  | 
energy  of  motion  or  kinetic  energy:  water 
stored  in  an  elevated  reservoir  represents  | 
potential  energy,  since  its  liberation  to  a  . 
lower  level  may  be  utilized  to  effect  work,  I 
as  in  a  hydro-dectric  power  plant.  i 


Energy  of  Rotation. — The  product  of  the 
moment  of  inertia  in  a  rotating  body  by 
one-half  of  the  square  of  its  angular  veloc- 
ity. 

Energy  Storag^e  Capacity. — The 

amount  of  electrical  energy  in  the  form  of 
chemical  work,  measured  in  watt  hours, 
that  a  secondary  cell  is  capable  of  accumu- 
lating. 

Energy   Transforming   Deviee. — Any 

apparatus  for  changing  one  form  of  energy 
into  another. 

EngMTO. — ^To  interlock  with  another  part;  , 
as,  me  teeth  of  geared  wheels  with  eadi 
other,  or  a  rack  with  its  pinion. 

EngMred  Test. — In  a  multiple  telephone 
switdiboard,  the  so-called  **bu8y  test  em- 
ployed by  the  operator  to  prevent  making 
connection  with  a  line  which  is  already  in 
use  at  another  board.  The  test  is  made  by 
applying  the  tip  of  the  calling  plug  of  the 
test  pair  to  the  thimble  of  the  jack  of  the 
subscriber  wanted.  If  the  line  is  in  use,  a 
click  wiU  sound  in  the  operator's  telephone. 

Engfine. — A  compound  machine  or  mechan- 
ical contrivance  by  which  any  physical 
power  is  applied  to  produce  a  given  efifect. 
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The  term  engine  is  more  commonly  applied 
to  massive  machines,  or  to  those  of  great 
power,  or  which  produce  some  difficult  re- 
sult. It.  takes,  in  oompositioii,  other  words,  de- 
signating^  either  the  souroe  of  power,  as  steam 
eDgine.  air  engine,  caloric  engine,  or  the  purpose 
to  which  it  is  applied:  as,  fire  engine,  pumping 
engine,  locomotive  engine;  or  some  peculiarity  m 
construction,  operation^  or  use:  as,  single  acting  or 
double  acting en^e,  high  pressure orfow pressure 
engine. 

Enf^e  Counter. — A  device  which  records 
by  wheel  combinations  the  revolutions  of 
an  engine  or  machine  where  it  is  necessary 
or  convenient  to  know  the  number  of  rotary 
turns  within  a  specified  time.  Whatever 
number  of  dials  or  wheels  there  may  be,  the 
right  hand  figure  represents  the  units,  the  second 
figure  the  tens,  etc  This  ingenious  mechanism 
is  capable  of  various  applications  relatinc  not  only 
to  ^e  number  of  revolutions  the  engine  has  made, 
but  telling  how  many  miles  a  steamer  has  gone. 

Enc^neer.  Eleetricai. — A  person  versed 
in  the  science  of  electricity,  and  skilled  in 
electric  practice;  usuall^r  one  who  has  had 
special  training  in  an  engineering  school  and 
obtained  the  degree  E.  E. 

En^rine  Telegrmplu — A  telegraph  system 
installed  upon  a  steamship  for  sending  sig- 
nals to  the  engine  room. 

English  Heat  Unit.— The  amount  of  heat 
required  to  raise  the  temperature  of  one 
pound  of  water  one  degree  F.;  the  Briiish 
thermal  unit, 

ll^ngrm,yrlngt  Eleetrie.— A  method  of  etch- 
ing metal  platcss  by  the  action  of  electrol- 
ysis. It  consists  of  covering  a  metallic 
Slate  with  wax  and  tracing  thereon  the 
eeign,  so  as  to  expose  the  metal.  The 
positive  terminal  of  a  battery  or  dynamo  is 
then  connected  with  the  metal  which  is  then 
placed  in  a  bath  opposite  another  plate  ai  metal 
connected  with  the  other  terminal  of  the  battery. 
The  action  of  electrolysis  dissolves  the  metal  on 
the  exposed  portions  of  the  waxed  plate  and  de- 
posits it  on  the  other  plate. 

Entrefer. — ^The  open  space  between  the 
face  of  the  pole  piece  of  a  dsmamo  and  the 
surface  of  tne  armature;  the  air  gap, 

Entropj'. — In  thermodynamics,  a  certain 
property  of  a^  body,  expressed  as  a  meas- 
urable quantity,  which  remains  constont 
if  no  heat  enters  or  leaves  the  body  while 
it  does  work  or  alters  its  volume,  but  which 
increases  or  diminishes  should  a  small 
amount  of  heat  enter  or  leave. 

EnvironaiMt.— The  conditions,  forces  or 
objects  with  which  anything  is  surrounded.  I 


Eolotropie  or  JEolotropie« — A  term  ap- 
plied to  a  substance  which  has  different 
properties  in  different  directions  through 
its  mass. 

Epinus'  Condenser. — ^A  form  of  electro- 
static machine  devised  by  Epinus  (^oinus) 
in  which  the  brass  discs  are  separated  onl^ 
by  a  stratum  of  air  between  them,  the  air 
being  sufficient  to  insulate  the  two  charges 
from  each  other,  thus  forming  an  air  can- 
denser. 

Epoch. — 1.  A  period  of  time  considered  as 
a  unit  with  reference  to  the  occurrence  of 
natural  phenomena. 

2.  In  simple  harmonic  motion  the  time 
required  by  a  moving  point  to  reach  great- 
est positive  elongation. 

EqnAl  Arms  Balanee. — A  Wheatstone's 
bridge  in  which  the  resistances  of  the  arms 
are  equal. 

Equality. — ^The  state  of  exact  similarity 
between  two  or  more  bodies;  the  possession 
of  identical  weight,  bulk,  and  dimensions. 

* 

Eaaaliie. — ^To  make  equal;  to  cause  to 
correspond  or  be  like  in  amoimt  or  degree, 
as  compared. 

Equaliser. — 1.  An  equalizing  bar  or  wire. 

2.  A  device  for  producing  a  uniform  pres- 
sure of  electricity  throughout  a  system. 

3.  A  low  resistance  connection  between 
the  armature  ends  of  the  field  coils,  used 
when  series  dynamos  are  run  in  parallel. 

Equaliser  Connection. — When  two  or 
more  compound  woimd  generators  are 
operating  parallel,  a  connection  is  estab- 
lished between  their  series  coils  by  a  heavy 
bus  bar  known  as  an  equalizer  bar  or  bus, 

so  as  to  prevent  the  currents  in  the  series 
fields  from  differing  widely  from  eaoh  other,  how- 
ever their  armature  currents  may  differ.  If  the 
difference  be  small,  it  may  be  compensated  by 
means  of  the  hand  regulator;  if  laise,  however, 
other  means  must  be  taken  to  cause  the  machines 
to  take  up  their  due  proportion  of  the  load.  If 
the  series  coils  of  ^e  several  dynamos  are  provided 
with  small  adjustable  resistances,  in  the  form  of 
German  silver  or  copper  ribbon  inserted  in  series 
with  the  coils,  the  oistzibution  of  the  current  in 
^e  latter  may  be  altered  by  varving  the  resist- 
anoe  attached  to  the  individual  coils,  and  thus  the 
effect  of  the  series  coils  upon  the  individual  arma- 
tures in  raising  the  pressure  may  be  adjusted,  and 
the  load  thus  evenly  divided  among  the  machines. 

Equaliser  Rin^^ — ^Rings  resembling  a  se- 
nes  of  hoops  provided  in  a  parallel  woimd 
armature  to  eliminate  the  effects  of  "im* 
balancing"  by  which  the  current  divides 
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unequally  among  the  several  paths  through 
the  armature.  By  means  of  leads,  these 
rings  connect  points  of  equal  potential  in 
the  winding,  and  so  preserve  an  equaliza- 
tion of  current. 

EqvjbUser  Wire. — ^In  the  case  of  two  com- 
pound dynamos  working  in  parallel,  a  wire 
joining  the  series  coils  of  each  machine  so 
that  equal  potential  shall  be  maintained  at 
the  pomts  of  junction. 

£qiiAliain^  Bar. — A  bar  for  maintaining 
equal  potential,  joining  the  series  coils  of 
two  compound  •  dynamos  working  in  par- 
aUel. 

Equaliaiiiff  Current. — ^When  compound 
wound  dynamos  are  operated  in  parallel, 
the  current  carried  by  the  equalizer  bar  to 
insure  uniform  distribution  among  the 
aeries  coils  of  the  machines. 

EquaHring  Djouuno. — ^In  storage  battery 
practice,  an  extra  dynamo,  usually^  called 
the  **  boaster, "  connected  into  the  cutsuit  of 
the  battery  for  regulating  the  charge,  and 
sometimes  the  discharge  of  the  battery. 

Equalising  Resiitanees.  —  Resistance 
coils  sometimes  employed  with  a  system  of 
feeders  to  reduce  the  pressm^  in  the  shorter 
feeders,  when  the  bus  bars  are  maintained 
at  the  pressure  required  by  the  longest 
feeders. 

Equator. — 1.  A  great  circle  surrounding 
any  sphere  midway  between  its  poles;  or 
that  circle  which  passes  around  any  sphe- 
roid of  revolution  in  a  plane  through  its 
centre  and  at  right  angles  to  its  axis. 

2.  The  great  circle  about  the  earth's 
eireumference  at  every  point  equidistant  from 
the  north  and  south  poles,  which  divides  the 
northern  from  the  southern  hemisphere. 

Equatorial  Re^on  of  Ma^et. — ^The 
neutral  portions  of  a  magnet  at  its  equator. 

Equator  of  Mapiet. — A  line  assumed  to 
encircle  a  magnet  at  a  point  where  there  is 
no  polarity  or  attractive  power;  a   line 

Sassmg  through  the  neutral  points.    In  a 
ar  magnet  it  lies  midway  between  the 
p^les. 


Equidistant. — Situated  at  equal  distances 
nom  the  same  point  or  thing. 


Eqnilibrinm. — ^The  state  of  a  body  in 
which  all  the  forces  acting  on  it  balance  one 
another;  the  condition  of  absolute  poise. 


'Equilibrinnk  of  Forces. — In  mechanics,  a 
counterpoise  or  state  of  rest  produced  oy 
the  mutual  counteraction  of  two  or  more 
forces. 

Equilibrium  of  Radiation.— The  state 
of  a  radiating  body  which  absorbs  an 
amount  of  radiant  energy  equivalent  to 
that  which  it  emits. 

Eqnimoleeular  Solution. — ^A  solution  in 
which  the  dissolved  substance  is  present  in 
proportion  to  its  molecular  weight. 

Equipment. — ^The  collective  designation  for 
the  articles  comprising  an  outfit. 

Equipoise. — ^Equality  of  weight  or  force;  a 
state  in  which  the  two  ends  or  sides  of  a 
thing  are  balanced. 

Equipotential. — Equal  with  respect  to 
potential. 

Eqi^o.tential  Eleetro-statie  Surlkee* 

— Tne  locus  of  all  points  in  an  electro-static 
field  at  which  the  potential  has  the  same 
given  value. 

Equipotential    Ma^^etie    Surface. — 

The  locus  of  all  points  in  a  magnetic  field 
at  which  the  potential  has  the  same  given 
value. 

Equipotential  Winding. — ^In  armature 
winding,  a  method  of  overcoming  the  diffi- 
culty arising  in  lap  windings  due  to  the 
interchange  of  current  among  the  various 
paths  of  the  coils  when  the  pressures  are 

not  e(iual  in  them.  A  numoer  of  equi- 
potential points  in  the  winding  are  bonded  to- 
gether, the  rings  for  this  purpaae  being  located 
at  the  end  of  the  core*  opposite  the  commutator. 

Equivalent. — ^That  which  is  equal  in  value, 
weight  or  force. 

Equivalent  Resistance. — A  resistance 
equal  to  the  sum  of  other  resistances  in  an 
electric  current. 

Equivalent  Sine  Wave. — One  having  the 
same  frequency  and  the  same  root  of  mean 
square  value  as  the  actual  wave. 

Equivalent  Sinusoids. — Sinusoidal 
curves  taken  for  purposes  of  investigation 
to  represent  irregular  alternating  current 
waves,  as  giving  an  equivalent  Effect  and 
representing  equal  power. 

Equivolt. — A  term  proposed  for  the  me- 
chanical energy  of  one  volt  electromotive 
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force  exerted  under  unit  conditions  through 
one  equivalent  of  chemical  action  in  grains. 

Erb's  Standard  Electrodes. — Standard 
sizes  of  electro-therapeutic  electrodes. 

Erection* — In  civil  and  mechanical  engi- 
neering, the  act  of  erecting  or  raising  up- 
right; the  act  of  constructing;  as,  a  build- 
ing or  a  wall,  or  of  fitting  together  the  parts 
of  a  machine  or  a  steel  frame  structure. 

Erector. — ^A  skilled  mechanic  employed  in 
assembling  together  the  various  parts  of  a 
machine.  Most  usually,  an  artificer  who 
builds  or  erects  steam-engines,  from  wholly 
or  partiallv  completed  details,  in  the  fac- 
tory, or  who  subsequently  installs  them  in 
the  place  of  their  ultimate  employment. 

"Erg. — ^The  unit  of  work  in  the  C.  G.  S.  sys- 
tem; it  is  the  work  done  when  a  force  of 
one  dyne  acts  through  a  distance  of  one 
centimeter. 

Erg^  Meter. — ^An  instrument  for  measuring 
in  ergs  the  energy  of  an  electric  current. 

Erfi^meter. — ^An  erg  meter, 

Erg^  s. — ^An  abbreviation  for  erg  per  second, 

IdTg  Ten. — ^A  unit  of  work  employed  in 
large  measurements  when  a  small  unit  like 
the  erg  would  be  inconvenient;  it  is  equal 
to  10  erga  or  1000  joidea. 

Error. — A  blunder  of  any  kind  in  transmit- 
ting or  receiving  a  telegraphic  message. 

Escape»  Electric. — 1.  The  escape  of  an 
electric  current  through  faulty  insulation. 
2.  The  gradual  dissipation  of  the  charge 
from  an  electrified  surface. 

Escapement,  Electric. — ^A  clock  escape- 
ment controlled  by  electricity. 

Escape  Pipe. — A  pipe  for  carrying  away 
steam;  as,  that  which  escapes  from  a  safety 
valve. 

Estimate. — A  valuing  or  rating  without  ac- 
tually measuring,  weighing  or  the  like;  to 
compute;  to  calculate;  to  reckon. 

Etching*  Electric. — A  process  of  etching 
a  metal  plate  by  subjecting  the  portions 
that  are  not  coated  with  a  non-conducting 
material  to  the  action  of  electrolysis.  Wax 
is  used  as  the  coating,  upon  which  the 


design  IS  traced,  leaving  portions  of  the 
metal  exposed.  Tne  plate  is  put  in  a  bath  and 
connectea  to  the  positive  terminal  of  an  electric 
source,  the  negative  terminal  being  placed  in  the 
baUi:  metal  is  dissolved  from  the  plate  by  elec- 
trolysis; leaving  an  imprint  of  the  design  upon  the 
plate. 

Ether. — ^A  medium  of  extreme  lightness 
and  elasticity  that  is  assumed  to  pervade 
all  space  and  to  be  diffused  even  within 
solid  bodies.  It  is  the  basis  of  the  explana- 
tions of  many  physical  phenomena  and 
theories. 

Ether  Streamings. — Streamings  that  are 
supposed  to  be  set  up  in  the  ether  about  the 
poles  of  a  magnet. 

Ether  Theory. — ^A  theory  of  electricity 
which  identifies  it  with  the  luminiferous 
ether,  based  upon  the  discovery  of  Maxwell 
that  light  itself  is  a  manifestation  of  elec- 
tricity, being  motion  of  the  ether  in  electro- 
magnetic waves. 

Eudiometer. — A  graduated  glass  tube, 
used  in  the  analysis  of  gases,  for  measuring 
their  volume. 

Evaporation. — ^The  act  of  changing  into 
vapor  which  takes  place  at  the  surface  of  a 
liquid. 

Evaporation,  Electric. — ^The  evapora- 
tion of  a  liquid  and  volatilization  of  a  solid, 
accelerated  by  the  influence  of  negative 
electricity. 

Evaporative  Efflciencv. — ^The  measure 
of  the  efficiency  of  a  boiler  in  evaporating 
water  as  compared  with  the  theoretical 
value  of  a  certain  amount  of  fuel.  Com- 
monly expressed  as  so  man^  pounds  of 
water  at  212^  F.,  evaporated  mto  steam  at 
the  same  temperature,  the  unit  of  fuel  con- 
sumed being  one  poimd  of  dry  coal. 

Ewing*8    Theorjr    of   Magnetisnu — ^A 

theory  of  magnetism  advanced  by  Ewing, 
that  molecular  magnets  are  held  together, 
not  by  friction  but  by  mutual  magnetic 
attraction,  their  poles  pointing  in  every 
direction  till  some  outside  magnetic  force 
draws  them  into  a  common  direction. ' 

Excitability,  Electric. — ^The  stimulus  to 
a  nerve  or  muscle  occasioned  by  the  appli- 
cation of  an  electric  current. 

Excitant. — The  electric  energy  which  ex- 
cites activity  in  an  electro-receptive  device. 
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Ezeiiaiion* — 1.  The  electrification  of  a 
substance. 

2.  The  magnetization  of  a  magnetizable 
substance. 

3.  The  joagnetizing  of  the  field  magnets 
of  a  dynamo  or  motor  by  the  passage  of  a 

current  through  the  windins  of  th«  macnetB.  The 
exciting  current  is  obtained  either  from  the  ma- 
chine itself  in  aelf-exciting  dynamos,  or  from  an 
outside  source  in  separately  excited  dynamos. 

4.  In  electro-therapeutics,   the  stimulation  of 
muflciilar  or  nerve  tissue  in  the  human  body. 

Exciter. — In  wireless  telegraphy,  a  name 
given  to  that  portion  of  the  oscillator  or 
transmitting  apparatus  at  which  the  sparks 
are  produced  that  set  up  the  electric  waves 
which  are  radiated  into  space;  the  exploder. 

Exciter  Dyiuuno. — A  dynamo  employed 
in  separately  exciting  the  field  magnet  of 
another  dynamo;  an  exciter. 

Exciting^  Ampere  Turns. — ^Ampere  turns 
in  the  coils  ofa  dynamo  or  motor  field  mag- 
net by  which  the  electromagnetic  field  is 
produced. 

Exciting^  Current. — The  current  applied 
to  the  windings  of  the  field  magnets  of  a 
d3mamo  or  mot^r  in  order  to  produce  mag- 
netization. 

ExcitinflT  Fluid  of  Voltaic  CelL— The 
solution  which  forms  the  electrolyte  of  a 
voltaic  cell. 

Executiouv  Electric — Capital  pimish- 
ment  by  the  use  of  electricity;  eledrociUion, 


. — 1.   To  empty  of  anything;  to 
deplete. 

2.  The  passing  of  steam  or  other  woridng 
fluid  from  a  cylinder  to  the  atmosphere  or 
the  receiver  of  the  next  successive  cylinder, 
after  it  has  pushed  the  i)i8ton  to  the  end  of 
its  journey  in  one  direction. 

Exhausted  Primary  Cell. — A  primary 
cell  which  has  lost  its  power  to  generate  a 
current. 

Exhausted  Stora^^  Cell. — ^A  storage 
cell  which  has  been  discharged  or  empti^. 

Exhaust  Fan. — ^An  air  propeller  used  to 
create  a  vacuum;  the  opposite  to  blowing 
fan. 

Exhaust  Fan,  Electric. — An  exhaust  fan 
operated  by  electricity. 


Exhaust  Head. — An  apparatus  placed  up- 
on the  top  of  a  steam  exhaust  pipe  to  pre- 
vent the  condensed  steam  from  Demg  blown 
about. 

Exhaustion,  Electric — An  effect  of  phys- 
ical exhaustion  sometimes  suffered  bv  per- 
sons long  exposed  to  powerful  arc  lights. 

Exhaustion  of  Primary  Cell. — ^The  con- 
dition of  a  primary  cell  which  has  lost  its 
{)ower  to  generate  a  current  until  electro- 
ytes  or  electrodes  are  renewed. 

Exhaustion  of  Storage  Cell. — ^The  con- 
dition of  an  empty  secondary  cell  which 
renders  it  useless  until  recharged. 

Exhaust  liap. — ^AIso  known  as  inside  lap; 
extension  of  the  exhaust  edges  of  a  slide 
valve  in  a  steam  engine  to  promote  cushion- 
ing by  closing  the  exhaust  early. 

Exhaust  Line. — A  steam  indicator  term; 
counter  pressure  or  back  pressure  line  in  a 
diagram,  showing  the  steam  pressure  be- 
tween the  commencement  of  pre-release 
and  the  beginning  of  compression. 

Exosmose. — The  passage  of  liquids  through 
membranes  in  a  reverse  direction  from  that 
of  endosmosCj  that  is,  of  a  denser  liquid  into 
one  less  dense. 

Exothermic  Compound. — In  chemistry, 
a  compound  which  is  formed  from  its  ele- 
ments with  the  giving  out  of  heat. 

Exothermic  Reaction. — A  chemical  re- 
action accompanied  by  the  liberation  of 
heat. 

Expanded  Metal. — ^A  material  used  in 
reinforcing  concrete  for  walls,  partitions, 
conduits,  etc.  Thin  sheets  of  mild  steel 
are  placed  upon  edge  and  with  one  opera- 
tion the  metal  is  slotted  and  drawn  out 
into  a  sort  of  network,  the  arris  of  each 
opening  being  turned  practically  at  right 
angles  to  the  original  plane. 


tnding^  Ma^pnetic  Field. — ^A  mag- 
netic field  in  which  the  lines  of  magnetic 
force  are  increasing  in  strength  and  extend- 
ing in  area. 

Expansion. — 1.  The  act  or  process  of  in- 
creasing in  bulk;  dilatation  of  any  sub- 
stance through  its  particles  becoming  more 
widely  separated  from  one  another  by  the 
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influence  of  heat.  With  gases,  the  property 
of  expansion  is  characteristic,  tliat  is,  any 
gM  admitted  into  a  dosed  ohamber  will  immedi- 
ately dilate  until  it  has  completely  filled  the  cham- 
ber, sometimes  becoming  extremely  zarefied  in  the 
process.  With  open  ports  the  expansive  eoenpr  of 
steam  acts  from  the  water  in  the  boiler  as  its  fixed 
point  of  fulcrum,  but  after  it  is  *'cut  off"  it  acts 
from  the  fixed  ends  of  the  cylinder. 

2.  That  portion  of  the  cycle  of  a  heat  engine 
in  which  the  fluid  gives  off  the  initial  energy  stored 
in  it»  while  being  gradually  expanded  down  to  the 
point  at  which  it  is  rejected  from  the  engine. 

Ezpanston*  Eleetrie. — ^The  increase  in 
bulk  which  occurs  in  a  body  upon  receipt 
of  an  electric  charge.  It  has  been  ob- 
served that  a  Leyden  jar  curiously  in- 
creases in  volume  as  it  receives  a  charge, 
the  electricity  producing  the  effect  of  ex- 
panding the  glass. 

Expansion  Line. — The  curve  traced  by 
the  pencil  of  a  steam  engine  indicator  cor- 
responding with  the  gradual  fall  of  pressiu^ 
in  the  cylinder  during  expansion;  the  line 
approximates  to  the  curve  known  as  the 
hyperbola. 

Expansion  of  Sieanu — 1.  That  repellent 

force  imparted  to  water  bv  heat  which 

causes  each  particle  to  repel  and  drive  to 

the  peatest  possible  distance  every  other 

particle  of  the  mass. 

2.  That  portion  of  the  stroke  of  a  steam  engme 
in  which  the  steam  supply  is  cut  off  by  the  valves, 
and  continues  to  perform  work  upon  the  piston, 
accompanied  by  increase  in  volume  and  consequent 
decrease  in  pressure.  By  this  means,  a  greater 
proportion  ol  the  energy  stored  in  the  fluid  is  re- 
covered as  useful  effort. 

Expended  Enersy* — ^The  energy  which 
has  been,  put  forth  to  do  work. 

Eneriment. — ^A  practical  test.  A  trial 
deliberately  instituted;  an  act  or  operation 
undertaken  in  order  to  discover  something 
unknown,  or  in  order  to  test,  establish,  or 
illustrate  some  allied  or  known  truth. 


„^  _  . — One  who  has  skill,  experience,  or 
peculiar  knowledge  on  certain  subjects  of 
inquiry  in  science,  art,  trade,  or  the  like. 

Exploder. — A  small  magneto  generator  for 
the  purpose  of  furnishing  current  in  the 
electric  exploding  of  blasts. 

Exploration  of  Mag^etie  Field. — The 

use  of  an  exploring  needle  in  determining 
the  characteristics  of  a  magnetic  field. 

Explorer*  Eleetrie* — ^An  instrument  act- 
ing on  the  principle  of  induction,  designed 


to  indicate  the  location  of  foreign  metallic 
matter  within  the  human  body. 

Exploring  Needle. — 1.  An  electric  probe 
for  surgical  use. 

2.  A  magnetic  needle  for  investigating 
an  electromagnetic  field. 

Explosion* — ^A  bursting  with  violence  and 
loud  noise,  due  to  a  chemical  action  which 
causes  the  sudden  formation  of  a  great  vol- 
ume of  expanded  gas. 

Exploeive* — ^A  chemical  substance,  solid  or 
liquid,  one  of  the  constituents  of  which  is 
instantaneously  converted  into  gas  on  ig- 
nition or  detonation,  exerting  enormous 
pressure. 

ExploeiTe  Dietanee* — ^In  an  induction  or 
spark  coil,  the  distance  that  the  spark  will 
jump  through  the  air  between  the  termi- 
nals; the  sparking  distance. 

ExploeiTO  Enf^e* — In  machinery,  an  en- 
gme the  piston  of  which,  in  the  cylinder,  is 
moved  by  a  chemical  action  which  causes 
the  sudden  formation  of  a  great  volume  of 
expanded  gases;  as,  in  a  gas  engine.  Usu- 
ally called  internal  combtuHon  engine  or  ga» 
engine, 

Exploaive  Hixtore* — 1.  A  finely  subdi- 
vided substance  suspended  in  the  atmo»- 
phere,  which  deflag^tes  and  undergoes 
chemical  change  with  intense  rapidity, 
accompanied  by  great  heat  and  the  evolu- 
tion of  gaseous  products  occup3ring  a  much 
greater  volume  than  the  original  miztiire.  Coal 
dust  in  a  mine  and  the  fine  floury  dust  in  a  mill 
give  occasional  instances  of  the  tremendous  tneigy 
latent  in  such  mixtures. 

2.  Under  control,  fine  sprasra  of  liquid  hydro- 
caibons,  or  solutions  of  gaseous  ones  m  ordinary 
air,  furnish,  by  explosion,  the  energy  to  drive  gas- 
oline or  gas  engines. 

Extension  Call  Bell* — 1.  A  call  bell  situ- 
ated at  some  point  remote  from  the  appa- 
ratus or  instrument  to  which  it  belongs,  so 
placed  that  it  may  summon  a  person  from 
another  part  of  the  building. 

2.  A  call  bell  provided  with  a  relay 
which  causes  it  to  ring  indefinitely  after 
the  main  current  is  cut  ofif . 

Extension  Pnsh  Button* — ^An  extra  push 
button  situated  at  some  point  remote  from 
the  principal  push  button. 

Extensometer* — ^An  apparatus  for  measur- 
ing the  expansion  or  contraction  of  metal 
bars  affected  by  the  temperature  or  by 
strain. 
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External  Chankeieriitle* — The  charac- 
teristic curve  in  which  is  plotted  the  potent 
tial  difference  at  the  terminals  of  a  dynamo, 
corresponding  to  varioiifl  values  of  the  cur- 
rent. 

Eztemal  Cirenit. — ^The  portion  of  an  elec- 
tric circuit  which  is  outside  of  the  genera- 
tor. 

External  Forces.— In  mechanics,  forces 
which  act  iipon  bodies  from  without  and  are 
therefore  the  forces  which  produce  strain. 

External  Mapietle  Cirenlt. — ^That  por- 
tion of  a  magnetic  circuit  which  exists  out- 
side of  the  substance  of  the  magnet  itself. 

External  Mapietie  Field.— That  por- 
tion of  a  magnetic  field  which  exists  out- 
side of  the  substance  of  the  magnet  itself. 

External  Resistanee. — The  resistance 
existing  in  an  electric  circuit  outside  of  the 


dynamo   or   battery;  nonrcssential   rerist' 
ance. 

Extra  Best  Best  Iron  Wire.— The  high- 
est grade  of  iron  wire  for  electrical  pur- 
poses, being  superior  in  conductivity  and 
uniformity  to  the  other  two  grades,  known 
as  best  best  and  best. 

Extra  Currents. — Currents  of  brief  dura- 
tion caused  by  electromagnetic  induction, 
arising  when  a  circuit  is  suddenly  opened  or 
closed;  scdf-induced  currents. 

Extra  Hi^h  Potential. — ^Pressure  in  an 
electric  system  exceeding  3000  volts. 

Extra  Hiyh  Potential  Wires. — Conduc- 
tors designed  to  convey  electric  currents 
of  extra  high  voltage. 

Extra  Polar  Re^on. — In  electro-thera- 
peuticSy  the  area  of  the  body  remote  from 
the  electrodes. 


2.  An  abbteviation  for  force. 

P. — The  symbol  for  the  gilbert,  the  unit  of 
mBgneto-motive  force. 

Fa«e. — 1.  The  prineipal  euHaee  of  a  solid, 

2.  That  portion  ol  the  curved  outline  of 
a  tooth  in  a  cog  wheel,  which  liee  beyond 
the  pitch  circle. 

3.  The  working  Burfaee  of  a  elide  valve, 
that  19,  the  surface  of  a  valve  which  comes 
into  contact  with  ita  seat. 

4.  The  dial  of  a  regiateriog  instrumeat 
of  aay  description. 

Faesimila   Telegrmphy. — An  automatic 


or  diagram;  parUeiegraphy. 

Factor.— One  of  two  or  more  elements  of 
quantities,    which,    when    multiplied    to- 

Rether,  produco  a  given  result. 

Factor   of  Horae   Powar. — The   horse 

power  developed  in  an  engine  of  given 
piston  area  and  rate  of  piston  speed,  mul- 
tiplied by  one  pound  mean  effective  pres- 
sure per  square  inch. 

Fftctor  of  S»f«t7.^1.  A  term  expressive 
of  a  determined  Umit  to  which  materials 
or  machines  shall  be  subjected;  the  safety 

2.  In  wiring,  the  ratio  between  the  break- 
ing stress  of  a  wire  and  the  maximum  ten- 
sion to  which  it  is  subjected  in  overhead 

suspension. 

Fmlironhalt  Thormomotrie  Bcalo.— The 

thermometer  scale  in  general  use  in  the 
United  States  and  England.  On  this 
scale  .32°  represents  the  melting  point  of  ice 
and  212°  the  boiling  point  of  water.  It  is 
commonly  abbreviated  Fahr.  or  F. 

Failure  to  Exelte, — A  dynamo  may  refuse 
to  excite  its  field  magnets  through  some 
portion  <A  its  windings  or  connections  be- 


ing short  circuited,    for  the 

reason  that  the  field  magnets 
are  deprived  of  the  necessary 
mirroit.      Id  Bfaimt  sad  compound 

be  ^teen   -whelhet' the    lailiiiv    to 

meaiurins  Ihs  ipeed  of  the  srnuiture  with  b  tpeei 

fault,  although  not  of  frequent  oocurrtoce,  audit 
i&  almoat  impoflfliblfl  for  it  to  tAka  plHCfl  if  the  field 
msmets  are  of  oa^t  iniD.  It  alffaya  oceun  wbeo 
the  dyoania  is  a  aev  one,  or  when  the  Geld  mac- 
nelfl  UHve  been  takCD  aput  lot  repalTfl,  etc-  It 
mar  be  remedied  by  piutaiug  the  current  from  a 
few  itorage  eella.  or  auotfaer  dyuamo,  for  some 
time  iatbe  picper  direoUon  thmu^  the  Geld 
ooila  Reversed  masnetjim  in  Gelds  ii  a  fault  of 
infre(|uent  occurrence.  It  may  be  caused  by  the 
prelum  y       a    er^^  ^<^^  u^^  gmera  Ij;     ue 


Buch  ooDditkma  tl 
polarity  opposed 
-"-        -)  their  e 


macoetisatioD  k>  wbich 

, It,  andT  therefore,  the  mn- 

shine  will  rafuM  to  tunif  until  the  Geld  conuec- 

other  dynuno  or  a  battery  tbcouib  the  Geld  coils 
in  a  direction  to  produce  the  oomet  polarity  in 
the  polo  [ueaeB. 

Fall  and  Tackle>— A  combination  of  pul- 
leys arranged  in  one  case  to  form  a  block, 
(hence,  "block  and  tackle"),  to  secure  a 
multiplication  of  power.  The  upper  or 
fixed  block  gives  the  mechanical  advantage 
of  application,  and  the  lower  or  movable 
block,  by  multiplying  (he  travel  of  the  lope  as 
compared  with  tb^t  of  the  weight,  increasee  the 

E>wer  in  proportionate  mtio-      Hacb  movable  pul- 
yhalving  thepowerneceesary,  with  two  sheaves 

quarter.  Briefly,  the  weight  capable  of  beins 
lifted  is  equal  to  the  force  multiplied  by  twice  the 
number  of  sheaves  in  the  lower  bkwk.  or  by  the 
number  of  "rung"  of  npe  areuud  tbem.  whioh  is 
Hin  same  thiuB;  the  friction  of  the  tockle  haviiut 
to  be  deduoteiC 


Fall  of  Praaanra. — A  drop  or  decrease  of 
electrical  pressure  in  a  circuit  due  to  rerast- 
ance  in  the  conductor.  In  a  wire  of  uni- 
form resistance  the  fall  of  pressure  follows 
the  rule,  Ikal  the  electrieal  -prettilTe  along  a 
conductor  throvgh  which  a  given  currenlJloiDS, 
/alls  dirtetiv,  at  Iht  ruixmno  imrsosu  Oof  u. 
At  voUage  is  xnverKiy  woportioTtdL  to  Us  rsatJt- 
anet.    Also  called  /all  a/pofoHiot 
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Faloe  Faee. — A  clamp  or  jaw  of  lead, 
brass  or  soft  white  metal,  made  to  fit  on  a 
vise  to  protect  polished  work  from  marking, 
also  known  as  vise  damp. 

False  Maig^eiie  Poles. — Points  on  the 
earth's  surface  which  resemble  magnetic 
poles,  in  distinction  from  the  two  true  mag- 
netic poles. 

False  Resistanee. — ^A  resistance  in  a  cir- 
cuit due  to  counter  electromotive  force;  a 
spurious  resistance  as  distinguished  from  a 
true  or  ohmic  resistance. 

False  Water. — In  engineering,  when 
steam  is  generated  rapidly  in  a  boiler,  the 
immediate  effect  is  a  rapid  rising  of  the 
water  level  in  the  gauge  cocks,  due  to  the 
increase  in  volume  caused  by  admixture  of 
steam.  This  sudden  increase  is  termed 
false  water. 

False  Work. — ^Timbering  or  scaffolding; 
a  temporary  structure  used  to  protect  and 
assist  the  construction  of  a  permanent  one; 
as,  the  false  work  of  a  bridge  in  course  of 
erection. 

False  Zero. — ^A  zero  on  a  galvanometer 
scale  considered  to  be  at  the  value  of  the 
deflection  obtained  before  the  action  of 
forces  impressed  in  the  measurement. 

Fan. — A  rotary  wheel  like  arrangement  of 
vanes  and  hub  combined  with  a  suitabjie 
casing  or  conduit,  moving  volumes  of  air 
for  purposes  of  ventilation,  furnace  draught, 
etc. 

Fan^  Bolt. — In  building,  a  bolt  in  which 
the  nut  is  a  triangular  plate  with  teeth  for 
biting  into  the  timber,  the  bolt  being  tight- 
ened by  revolving  the  head  and  shank. 
Hiey  are  used  for  attaching  iron  work  to 
timber. 

Fan  Ckiard.  —  A  wire  protection  built 
about  an  electric  fan  to  secure  safety  from 
contact  with  the  revolving  blades. 

Fan  Motor. — ^An  electric  motor  for  rotating 
a  fan. 

Fan  Shaped  Antenna. — In  wireless  teleg- 
raphy, an  outspread  arrangement  of  the 
aerial  wires  at  a  long  distance  station  for 
the  purpose  of  offering  greater  exposure  to 
electric  impulses,  and  obtaining  more  dis- 
tinct impression  of  them. 


Farad. — ^The  practical  unit  of  electrical 
capacity;  it  is  the  capacity  of  a  condenser 
that  would  be  charged  to  a  potential  differ- 
ence of  one  volt  by  a  charge  of  one  coulomb 
of  electricity.  Tne  term  farad  is  a  con- 
traction of  Faraday,  the  name  of  the  dis- 
tinguished English  scientist. 

Faraday  Effect. — A  discovery  made  by 
Faraday  that  a  wave  of  light  polarized  in 
a  certain  plane  can  be  turned  about  b^  the 
influence  of  a  mamet  so  that  the  vibra- 
tions occur  in  a  different  plane. 

Faraday,  Michael.— Bom  1791,  died 
1867.  An  English  scientist,  famous  for 
his  discoveries  in  chemistry,  electricity  and 
magnetism.  He  first  produced  the  rotation 
of  the  magnetic  needle  around  the  electric 
current  (1821)  based  upon  Oersted's  dl&- 
ooveiy  of  electromacnetism  in  1820;  he  discovered 
electromagnetic  induction  (1831),  a  principle  upon 
which  is  founded  the  development  of  dynamo  ma- 
chinery: S|>ecific  inductive  capacity  (1838):  mag- 
netic polarisation  of  light  (1845):  diamagnetism 
(1846]).  He  was  a  brilliant  experimenter,  and 
contributed  greatly  to  the  knowledge  upon  which 
is  based  present  day  practice  of  electricity. 

;  Faraday**  Cube. — An  experiment  made 
by  Faraday  to  prove  that  there  is  no  field 
of  electrical  force  inside  a  hollow  charged 

i  conductor.  He  built  a  hollow  cube  12 
feet  each  way,  covered  it  with  tin  foil  and 
gave  the  whole  a  high  charge  of  electricity. 

i  No  electrical  field  could  be  detected  inside 
even  by  delicate  electro-static  instruments. 

Faraday's  Dark  Space. — ^A  dark  space 
which  is  observed  when  a  negative  charge 
is  being  discharged  from  a  pointed  con- 
ductor. This  space  separates  the  glow 
from  the  surface  of  the  conductor,  the  elec- 
tricity traversing  it  without  becoming 
luminous. 

Faraday's  Disc. — A  copper  disc  rotated 
between  the  poles  of  a  magnet,'  having 
wires  with  sliaing  contacts  to  conduct  the 
current  away  from  the  disc.  It  first  illus- 
trated the  induction  principle,  now  essen- 
tially applied  in  dynamos. 


Faraday's  Laws. — ^Laws  of  electrolysis  or 
electro-chemical  change  named  from  Far- 
aday, their  discoverer.  They  may  be 
expressed  as  follows: 

(a)  The  magnitude  of  the  chemical  and 
of  the  magnetic  effects  produced  in  a  circuit 

by  an  electric  current  ia  proportional  to  the  quantity 
of  elcctrieitv  vfhich  paaaea  through  the  circuit. 

(b)  The  quaniitiea  of  the  different  ttubatancea 
tphtch  aepamte  at  the  electroden  throughout  the  cir- 
ettU  are  directly  proportioned  to  their   equivalent 


Faraday' 9  Net 


162 


Fault  in  Coating. 


weiphit,  and  ar€  indimendmU  of  the  eouemtraHim 
and  tfie  imnj>enUur9  of  the  eolutume,  C4«  tiee  of  the 
eleetrodee  and  aU  other  dreumetaneee. 

Faraday's  Net. — ^A  device  to  show  that 
electrical  charges  are  confined  to  the  outer 
surface  of  conductors;  it  consists  of  a 
conical  gauze  bag  fastened  to  a  brass  ring 
on  an  insulated  support  and  capable  oi 
being  drawn  inside  out  by  a  silk  tnread. 

Faraday's  Prinelpls. — ^AIl  dynamos,  of 
whatever  form,  are  based  upon  the  dis- 
covery made  by  Faraday  in  1831,  that 
electnc  currents  are  generated  in  con* 
ductors  by  moving  them  in  a  magnetic 

field.  Faraday's  principle  may  be  enun- 
ciated as  foUowB:  **When  a  oonductor  is  moved 
in  a  field  of  mac&etic  force  in  any  way  so  as  to 
cut  the  lines  of  force,  there  is  an  electromotive 
force  produced  in  the  oonductor.  in  a  direction  at 
right  angles  to  the  direction  of  the  motion,  and  at 
right  angles  also  to  the  direction  of  the  lines  of 
force,  and  to  the  rii^ht  of  the  lines  of  force,  as 
viewed  from  the  pomt  from  which  the  motion 
originates.'* 

In  other  words,  Faraday's  piinoipfe  may  be 
thus  stated:  If  a  wire  be  moved  near  a  mapiet 
acrow  a  space  in  which  there  are  magnet  hnest 
the  motion  of  the  wire,  as  it  cuts  across  those 
magnetic  lines,  sets  up  magnetic  whirls  round  the 
moving  wire,  that  is.  ((enerates  a  so  called  current 
of  electricity  in  that  wire. 

It  is,  however,  neoessaxy  that  the  moving  oon- 
ductor should,  in  its  motion,  so  cut  the  magnetic 
lines  as  to  alter  the  number  of  lines  of  force  that 
pass  throu^  the  cinniit  of  which  the  moving  oon- 
ductor forms  part  If  a  conducting  cirauit,  a 
wire  ring  or  single  coil,  for  example,  be  moved 
along  in  a  uniform  magnetic  field,  so  that  only 
the  same  lines  of  force  pass  through  it»  no  ounent 
will  be  generated. 

Faradie* — ^Relating  to  induced  electric  ear- 
rents  as  obtained  &om  various  machines. 

Faradie  Adapter. — In  electro-therapeu- 
tics, a  device,  including  an  induction  coil, 
for  adapting  the  current  of  an  ordinary 
incandescent  lamp  circuit  to  medical  uses. 

Faradie  Battery. — ^A  variety  of  induo- 
tion  coil  employed  in  the  medical  applica- 
tion of  electricity;  a  faradie  machine. 

Faradie  Bmsh. — ^An  electrode  resembling 
a  brush  employed  in  electro-therapeutics. 

Faradie  CoiL — A  medical  induction  coil, 
sometimes  called  the  faradie  battary;  the 
faradie  machine. 

Faradie  Carrent.-«-An  mtense  alternating 
current  produced  by  a  faradie  machine  for 
medical  purposes. 

Faradie  Ezeitation. — ^Excitation  of  the 
tissues  of  the  body  by  the  application  of 
faradie  currents. 


Faradie  IrritabiUty.— Irritation  of  the 
tissues  of  the  body  following  the  application 
of  faradie  currents. 

Faradie  Maehine. — A  variety  of  induc- 
tion coil  for  the  medical  application  of 
electricity.  It  consists  of  a  primary  coil 
surrounded  by  a  secondaiy  in  which  brief 
but  intense  futernating  currents  are  pro- 
duced. 

Faradisation. — The  stimulation  and  other 
effects  produced  upon  the  bodily  tissues 
by  faraoic  currents;  faradism, 

Farademeter. — In  electro-therapeutics,  an 
instrument  for  measuring  the  strength  of 
faradie  currents. 

Fast  and  Iioese  Pulleye. — ^In  mechanics, 
the  device  installed  for  suppl3ring  belt  power 
to  machines.  Two  uniform  puUe^f^  are 
placed  side  by  side  upon  the  same  coimter- 
shaft,  one  keyed  fast  to  it,  the  other  revolv- 
ing freely  between  stop  collars.  By  sliding 
the  belt  sidewise  from  one  pulley  to  the 
other,  it  either  revolves  idly  or  else  drives 
the  countershaft. 

Faetenia^. — ^Anything  used  to  secure  or 
make  fast;  that  by  which  one  part  is  at- 
tached to  another.  Either  permanently, 
as  a  nail  or  rivet,  or  so  that  it  may  be  re- 
leased at  will;  as,  a  bolt  or  latch. 

Faet  Repeater* — ^In  telegraphy,  a  repeat- 
er for  high  speed  signaling. 

Fathom. — ^A  measure  of  length  equal  to  six 
feet,  used  chiefly  in  taking  soundings, 
measuring  cordage,  etc. 

Fatiffned. — ^A  term  applied  to  material,  as 
iron,  when  it  has  lost  in  some  degree  its 
power  of  resistance  to  fracture,  due  to  Uie 
repeated  application  of  forces,  more  par- 
ticularly wnen  the  forces  or  strains  have 
varied  greatly  in  amount. 

Fault. — Any  impediment  in  the  working  of 
an  electric  circuit. 

Fault  in  Caetinfl^.— The  chief  defects  in 
castings  are  bicwn6le8f  cold  sAute,  scabSf  or 
places  where  the  metal  has  not  filled  the 
whole  of  the  s^ce  in  the  mould,  this  being 
due  to  insufficient  iron,  too  low  a  temper- 
ature at  pouring,  or  portions  of  sand  becom- 
ing detached  from  tne  mould  and  blocking 
the  passage.  Insufficient  venting  of  the 
mould  will  produce  the  same  effects. 
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F»iilt  Indleator* — ^A  device  for  testing  a 
Mne  for  groundB,  croeses,  breaks  or  defect- 
ive insulation.  It  consists  usually  of  a 
magneto  generator  and  bell  mounted  in  a 
p(Hrtable  box;  a  magneto  testing  eet. 


F»iilt  Resisteaea. — A  resistance  in  an 
electric  circuit  due  to  the  existence  of  a 
fault. 

Fault  Searcher. — ^In  submarine  cable  re- 
pairing operations,  an  instrument  for  in- 
dicating the  instant  that  the  point  at  which 
the  fault  is  located  passes  aboard  ship  as 
the  cable  is  raised. 

Feather. — ^A  key  with  parallel  sides  sunk 
into  a  recess  on  a  shaft  or  spindle.  The 
keyway  of  the  boss  which  fits  upon  the 
shaft  is  made  a  sliding  fit  upon  the  feather, 
so  that  if  necessary,  the  boss  or  hub,  while 
always  beine  driven  bv  the  shaft,  may  be 
moved  lengthwise,  as  desired. 

FeecL — 1.  To  furnish  with  a  current  of  elec- 
tricity. 

2.  To  cause  the  carbons  of  an  arc  lamp 
to  preserve  a  uniform  distance  from  each 
other  in  spite  of  wearing  away  under  the 
action  of  the  arc. 

Feed  Chech. — ^The  non-return  or  check 
valve  through  which  feed  water  enters  a 
steam  boiler. 

Feeder. — A  supplementary  conductor  run- 
ning direct  from  the  generating  station 
and  connected  to  the  main  conductor  at 
some  point  where  there  is  danger  of  a  fall 
of  pressure. 

Feeder  Ammeter. — ^An  ammeter  employed 
in  a  feeder  circuit. 

Feeder  and  Kaln  Distribution. — ^A  sys- 
tem of  electric  distribution,  in  which,  in 
order  to  prevent  a  fall  of  plotential  at  re- 
mote enos  of  the  line,  a  series  of  feeders 
running  direct  from  the  station  furnishes 
additional  current  to  the  main  conductor. 

Feeder  Bloch. — ^A  block  supplied  with  a 
feeder  cut  out. 

Feeder  Bex. — ^In  a  conduit  system,  a  dis- 
tributinj;  box  for  admitting  a  feeder  to  its 
connections. 

Feeder  Clam]!. — ^A  form  of  clamp  for 
leadi^  connecting  a  feeder  to  a  main  con- 
ductcNr;  a  feeder  clip. 


Feeder  Clip. — ^A  clamp  for  connecting  a 
feeder  wire  to  a  trolley  wire  in  a  street  rail- 
way system. 

Feeder  Equaliaer. — A  resistance  or  chok- 
ing coil  in  the  circuit  of  a  feeder  to  equalize 
its  pressure  with  that  of  the  other  feedera 
in  the  system;  ieeder  regulator. 

Feeder  Equaliser  Switch. — A  switch 
governing  the  resistances  in  a  feeder  sys- 
tem; an  equalizer  switch. 

Feeder  for  Trolley  Wire. — An  inde- 
pendent conductor  running  direct  from 
the  station  to  some  remote  point  of  the 
trolley  wire  in  order  to  maintain  the  pres- 
sure at  that  point. 

Feeder  PaneL — ^The  panel^  of  a  central 
station  switchboard  upon  which  are  mount- 
ed the  appliances  belonging  to  the  feeder 
wires. 

Feeder  Potential. — ^The  pressure  applied 
to  a  circuit  through  a  feeder. 

Feeder  Regulator. — A  resistance  in  the 
circuit  of  a  feeder  to  maintain  its  pressure 
equal  to  that  of  the  other  feeders  in  the 
system. 

Feeder  Switch. — A  switch  for  cutting  a 
feeder  in  or  out  of  a  distributing  circuit. 

Feeder  System. — In  a  system  of  electrical 
distribution,  a  method  of  preventing  a  fall 
of  potential  in  long  lines  by  running  a  num- 
ber of  supplementary  conductors  from  the 
central  station,  and  connecting  them  to  the 
main  conductor  at  various  points  along  the 
line. 

Feeder  Tubes. — ^Tubes  for  running  feeder 
wires  underground. 

Feedinpp  Center. — A  center  of  electric  dis- 
tribution maintained  by  a  feeder. 

Feeding  Mechanism. — A  mechanism  for 
feeding  forward  the  carbons  of  an  arc  lamp 
to  prevent  the  length  of  the  arc  from  be- 
coming too  great  as  the  carbons  wear  away. 

Feed  Line. — A  feeding  wire  or  feeder  for 
maintaining  the  pressure  constant  at  a 
pNoint  in  a  circuit  remote  from  the  genera- 
ting station. 

Feed  Water. — ^The  water  supplied  to  a 
boiler  to  replace  that  evaporated;      as. 
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steam  or  blown  off.  Net  feed  water  is  the 
quantity  of  water  necessary  to  supply  a 
stated  evaporation  in  a  given  interval  of 
time;  gross  feed  toater  is  the  net  feed  water 
plus  the  quantity  necessary  to  provide  for 
that  blown  out. 

Feed  Water  Heater. — An  .apparatus  for 
raising  the  temperature  of  boiler  feed 
water,  either  by  means  of  steam  heated 
coils  or  by  direct  contact  with  a  jet  or  spray 
of  steam;  exhaust  steam  being  used  in 
either  manner.  In  addition  to  the  fuel 
economy  effected  by  hot  feed,  a  prelimi- 
nary hotting  frees  hard  water  of  much  of 
its  contained  salts. 

Feed  Wire  Insulator. — ^In  an  electric 
circuity  an  insulator  designed  to  support  a 
feeder. 

Feeler. — A  shop  tool  for  gauging  or  ''feel- 
ing/' the  accuracy  of  workmanship  be- 
tween two  abutting  surfaces.  Thin  strips 
of  hardened  steel  of  known  thickness  are 
employed,  and  by  moimting  several  differ- 
ent sizes  in  a  handle,  like  blades  in  a  pocket 
knife,  a  great  range  of  tests  can  be  made  by 
combining  the  blades. 

Fender. — In  electric  traction,  an  appliance 
suspended  in  front  of  a  trolley  car  close  to 
the  rails  for  the  purpose  of  removing  ob- 
structions from  the  track,  and  of  guarding 
pedestrians  from  the  danger  of  being  run 
over. 

Ferranti  Cable. — A  type  of  electrical  con- 
ductor designed  to  carry  high  tension  cur- 
rents, consisting  of  concentric  tubes  of 
copper  separated  by  an  insulation  of  paper 
saturated  with  black  mineral  wax. 

Ferranti  Effeet. — A  phenomena  of  the  in- 
crease of  potential  difference  between 
mains  in  an  alternating  current  system 
observed  as  the  distance  mcreases  from  the 
generating  station. 

Ferric. — A  term  signifying  of  or  akin  to 
iron;  containing  or  extracted  from  iron. 

Ferrie  Clrcnit. — ^A  circuit  completely 
made  up  of  iron. 

Ferrie  Indnetance  CoiL — An  inductance 
coil  having  a  core  of  iron. 

Ferric  Manetic  Circnit.— A  magnetic 
circuit  made  up  entirely  of  iron. 


Ferro  Concrete. — Armored  concrete;  ce- 
ment concrete  reinforced  by  steel  rods  and 
bars  suitably  disposed  to  receive  the  ten- 
sile stresses,  while  the  compression  stresses 
are  met  by  the  concrete  itself,  which  while 
weak  in  tension,  possesses  great  strength 
to  resist  crushing. 

Ferro-mafl^et. — ^A  term^  sometimes  ap- 
pUed  to  a  substance  which,  like  iron,  is 
attracted  to  a  magnet;  a  substance  having 
paramagnetic  properties. 

Ferro-mafi^etism. — ^The  magnetic  prop- 
erty possessed  by  substances  such  as  iron, 
nickel,  cobalt,  manganese  and  chromium  of 
being  attracted  by  a  magnet  so  that  they 
tend  to  lie  in  the  direction  of  the  magnetic 
lines  of  force.    This  property  is  uayally 

known  as  simplsr  masnetiBm  or  better,  para- 
maonHiam  to  distinsuisn  it  from  diamagneiim,  a 
peculiar  magnetic  property  pooocaDcd  by  bismuth 
and  antimony  which  tends  to  cause  them  to  lie  at 
rii^t  angles  to  the  lines  of  force.  These  effeets 
bemg  exhibited  by  a  small  bar  of  the  substance 
free  to  turn  in  the  magnetic  field. 

Ferro-manifi^nese  Alloys* — Alloys 
which  have  a  power  of  electrical  resistance 
unaffected  by  variations  of  temperature, 
employed  in  making  wire  for  resistance 
coib. 

Ferrnle. — A  cylindrical  ring  driven  into  the 
end  of  boiler  fiie  tubes  to  fasten  them 
tightly  in  the  tube  plates. 

Fettling^. — 1.  The  process  of  cleaning  or 
dressing  castings. 

2.  The  materials  used  as  a  bottom  lining 
for  a  puddling  furnace  hearth:  (1)  "mifl 
scale"  or  black  oxide  of  iron  as  found 
around  an  anvil  or  formed  upon  bars  and 
plates  as  they  are  rolled;  (2)  **buUaog.'*  a  mncture 
of  ferrous  silicate  and  ferric  oxide,  produced  by 
roasting  the  tap  cinder  or  slag  of  a  previous 
puddling,  together  with  the  scale  beaten  out  of 
the  bloom  as  it  is  shingled  under  the  hammer. 

Fiber. — 1.  One  of  the  delicate,  thread  like 
or  string  like  portions  of  which  the  tissues 
of  plants  and  animals  are  in  part  consti- 
tuted; as,  the  fiber  of  flax  or  of  muscle. 

2.  Any  fine,  slender  thread,  or  thread 
like  substance;  as,  a  fiber  of  spun  glass. 

Fiber  Suspension. — A  delicate  method  of 
suspending  a  needle  for  sensitive  move- 
ments, as  in  a  galvanometer,  b^r  a  filament 
of  silk  or  fiber  of  quartz;  torsion  suspen- 
sion. 

Fibrone. — ^A  compound  for  insulating  pur- 
poses. 
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Fiducial  Line  or  Point. — ^A  line  or  i)oint 
of  reference  assumed  as  a  fixed  basis  of 
ccHnparison. 

Field. — A  term  applied  to  the  space  occu- 
pied by  electric  or  magnetic  lines  of  force. 

Field  Bore. — ^The  open  spaces  between 
the  pole  faces  of  the  field  magnets  of  a 
dynamo  in  which  the  armature  rotates. 

Field  Coils. — ^The  coils  of  insulated  wire 
wound  upon  the  field  magnets  of  a  dyna- 
mo. 

Field  ControL — ^The  control  or  regulation 
by  means  of  a  rheostat  of  the  current 
used  to  excite  an  electromagnet,  or  the 
regulation  of  the  field  current  of  a  motor 
for  varying  its  speed  by  means  of  a  rheo- 
stat connected  into  the  field  circuit. 

Field,  Cyrus  West.— Bom  1819,  died 
1892.  An  American  merchant  and  finan- 
cier. At  the  age  of  thirt)r-three  he  retired 
from  the  paper  business  with  a  comfortable 
fortune  to  turn  his  energy  into  broader 
channels.  In  1854,  Mr.  Field  became  con- 
vinced that  the  l&ying  of  a  submarine  cable  under 
the  Atlantic  between  Newfoundland  and  Ireland 
was  a  practical  poesibility.  and  the  same  year  he 
organised  the  New  York,  Newfoundland  and  Lon- 
don Telegraph  Co.  to  promote  the  scheme.  The 
first  attempt  at  laying  the  cable  was  made  in  1857 
and  failed.  Repeated  unsucceuful  attempts  fol- 
lowed ;  finally  on  Aug.  16, 1858,  success  was  achieved 
and  a  messajie  was  transmitted  from  Queen  Vic- 
toria to  President  Buchanan.  The  cable,  however, 
broke  soon  after  and  Mr.  Field's  firm  went  into 
bankruptcy.  But  he  did  not  lose  heart.  The 
contract  was  let  to  an  English  company,  a  heavier 
cable  was  built,  and-  after  a  first  failure  in  1865, 
the  Great  Eastern  started  July  13,  1866^  on  a 
triumphant  voyage  making  a  land  connection  on 
the  Newfoundland  coast  Nov.  27. 

Field  Denslij'* — ^The  strength  of  a  mag- 
netic or  electromagnetic  field  measured  by 
the  number  of  lines  of  force  it  contains 
in  a  given  cross  sectional  area. 

Field  Distortion. — A  distortion  in  the 
magnetic  field  of  a  dynamo  caused  by  the 
magnetizing  action  exercised  by  the  cur- 
rent in  the  armature. 

Fields  Electric. — ^The  space  traversed  by 
lines  of  electric  force. 

Field  Ezcitatioii* — ^The  production  of  an 
electroma^etic  field  in  a  dynamo  or  motor 
by  supplying  a  current  for  magnetizing  the 
field  maoiets.  This  may  be  done  in  five 
ways:  (1)  by  permanent  magnets,  (2)  by 
separate  excitation,  (3)  by  a  shunt  winding, 


(4)  by  a  aeries  windmg,  (5)  by  a  compound  wind- 
ing. Dynamos  are  classified  according  as  the 
excitation  is  supplied  from  an  outside  source,  or  by 
the  machine  itBotf*  into  9eparate  or  •elf-txciting 
dynamos. 


Field  Fnuoe. — ^A  ring  of  cast  iron  or  mild 
steel  of  suitable  diameter  and  width,  stand- 
ing upright  upon  the  bed  plate  of  a  dy- 
namo, and  carrying  the  electromagnets 
bolted  or  cast  solidly  upon  its  inner  cir- 
cumference. 

Field  Frequency. — In  an  alternating  cur- 
rent motor,  the  nimiber  of  rotations  which 
the  magnetic  field  makes  per  second. 

Field  Mapiet  Coils. — ^The  coils  of  insu- 
lated wire  employed  to  excite  the  field 
magnets  of  a  dynamo  or  motor;  the  field 
coils. 

Field  Kaflfnets. — In  a  dynamo  or  motor, 
strong  magnets  terminating  in  pole  pieces 
between  which  the  armature  is  rotated, 
the  axis  of  the  armature  being  at  right 
an^es  to  the  general  direction  of  the  lines 
of  mduction  of  the  field.  The  object  of 
field  magnets  is  to  produce  an  intense  magnetic 
field  within  which  the  armature  revolves.  They 
may  be  either  permanent  or  electromagnets. 
Electiomagnets,  however,  possess  such  a  number 
of  important  advantages  over  permanent  mag- 
nets that  they  are  now  invariably  used  in  all 
machines  intended  for  practical  worlc.  The  field 
magnets  of  a  djrnamo  may  be  excited,  either  by 
the  current  furnished  by  an  independent  dynamo 
or  battery,  in  which  case  the  machine  is  said  to 
be  "separately  excited,"  or  by  the  current  gen- 
erated in  the  armature  of  the  machine  of  which 
the  field  magnet  forms  part,  when  the  machine  is 
said  to  be  self-excited.  The  latter  type  of  ma- 
chine depends  for  its  action  upon  the  presence  of 
residual  magnetism  in  its  field  magnet.  Owing 
to  this  residual  magnetism,  a  weak  ma^etic  field 
is  always  present  between  the  pole  pieces  of  a 
field  magnet;  hence,  when  the  armature  is  rotated 
in  the  armature  chamber,  its  conductors  cut  the 
lines  of  force  contained  in  this  magnetic  field,  and 
a  small  E.  M.  F.  is  set  up  in  the  armature  in  con- 
sequence. 

Field  of  Dynamo. — ^The  region  between 
the  pole  pieces  of  a  dynamo,  within  which 
the  armature  rotates  and  the  lines  of  force 
are  generated. 

Field  of  Force. — ^The  space  occupied  by 
electric  or  magnetic  lines  of  force. 

Field  of  Solenoid. — ^The  magnetic  field 
existing  inside  and  throughout  the  length 
of  a  solenoid  when  an  electric  current  passes 
through  its  coils. 

Field  Poles. — ^The  poles  of  the  field  mag- 
nets between  which  the  armature  of  a  dy- 
namo or  motor  rotates. 
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Field  Bheofftat. — An  adjustable  resistance 
used  to  vary  the  strength  of  the  magnetic 
field  of  a  shunt  wound  dynamo  or  motor. 

Field  Spools. — ^A  name  sometimes  given 
to  the  field  coils  of  a  dynamo. 

Field  Stren^h. — ^The  strength  or  intensi- 
ty of  the  lines  of  force  in  a  magnetic  field. 

Field  Tele^aph  Line. — A  telegraph  line 
erected  for  temporary  use  in  directing 
army  manoeuvers  and  similar  operations. 

Field  Tube. — In  steam  engineering,  an  ar- 
rangement of  two  concentric  tubes,  which 
greatly  improves  the  circulation  and  steam- 
ing capacity  of  a  vertical  boiler;  the  heated 
water  rises  in  the  annulus  between  the 
inner  tube  and  the  exterior  heating  sur- 
face, while  the  cold  water  circulates  down 
the  inner  tube. 

Field  Winding. — ^The  conducting  coils 
wound  upon  the  field  magnets  of  a  dyiiamo 
or  motor;  the  field  magnet  coils.  The  in- 
sulated wire  used  for  the  excitation  of  the 
field  magnets,  not  being  subjected  to  any 
of  the  detrimental  influences  experienced 
by  the  armature  oonducton.  is  usually  of  copper. 
As  a  rule,  the  wire  id  wound  upon  insulated 
spools,  whioh  are  afterwards  slipped  over  the 
tunbs  of  the  magnet;  in  some  cases,  however,  the 
winding  is  direct  upon  the  core  of  the  field  mas- 
net,  this  latter  bemg  pre\iously  insulated  with 
vulcanised  fibre  or  other  insulating  material. 

In  general,  the  wire  used  for  l£e  exciting  ooib 
of  shunt  wound  djmamos  is  very  thin:  hence,  it 
is  very  liable  to  break  off  near  uie  flanges  of  the 
reel  upon  which  it  is  wound.  Several  plana  are 
adopted  to  prevent  this  occurring:  in  some  oases 
the  ends  of  the  shunt  coils  are  soraered  to  stouter 
wires  within  the  flanges  of  the  bobbins,  these 
wires  being  afterwards  connected  to  the  terminals 
of  the  machine:  in  other  cases,  the  ends  of  ttke 
ooib  are  soldered  to  large  terminals  fixed  upon 
the  flanges  of  the  bobbins,  these  terminals  being 
afterwards  suitably  connected  together  by  strips 
ol  copper. 

Fifth  Wheel. — A  horizontal  wheel-like 
bearing  or  pivot  supporting  the  front  axle 
of  a  vehicle,  enabling  it  to  be  revolved  at 
an  angle  for  turning  comers;  by  the 
arrangement  of  a  worm  gearing,  the  fifth 
wheel  can  be  made  to  serve  as  a  steering 
gear. 

Fi^. — ^Abbreviation  for  figure. 

Fif^re. — A  character  standing  for,  or  rep- 
resenting a  number;  a  numeral;  a  digit; 
as,  1,  2,  3,  etc. 

Tignre  of  Ei^ht  Wire.— A  form  of  trolley 
wire  having  a  cross  section  resembling 
the  shape  of  the  numeral  8. 


Tiguv%  of  Merit* — -The  value  of  the  elec- 
tric current  required  to  produce  a  deflec- 
tion of  one  degree  or  one  division  upon  a 
galvanometer  scale. 

Fifforest  Eleetrle. — 1.  The  distribution  in 
^e  form  of  curious  figures  which  takes 

Slace  when  certain  electroecopic  pow- 
ers are  sifted  over  a  charged  suitace, 
illustrating  the  distribution  of  electricity 
over  the  surface. 

Filament* — ^A  thin  wire,  untwisted  thread, 
or  fiber. 

Filament  of  Ineaadeeeent  Lamp. — ^The 
thin  wire  or  filament  of  infusible  conduct- 
ing material  within  the  bulb  of  an  incan- 
descent lamp. 

Filament  Shadows. — ^The  blackening  of 
the  inner  surface  of  an  incandescent  lamp 
bulb  by  the  depositing  of  carb<m  from  the 
wasting  filament. 

Filin^pe. — The  particles  of  metal,  such  as 
iron  or  brass,  produced  by  the  action  of  a 
file  or  rasp. 

Filin^^  Coherer. — ^In  wireless  telegraphy, 
a  coherer  employing  nickel  and  silver 
filings. 

Filing^  Tnbe. — ^In  wireless  telegraphy,  a 
coherer  tube  containing  nickel  and  silver 
filings.  When  the  electric  impulse  arrives 
the  filings  ding  toother,  or  cohere,  and 
thus  complete  the  circuit. 

Filling. — ^Anything  that  stops  up  a  hole  or 
vacant  space.  In  dvil  engineering,  the 
embankment  made  on  low  ground  to 
bring  the  road  up  to  the  required  level. 

Film. — ^A  very  thin  skin,  membrane  or  layer. 

Film  Cnt  Ont. — ^An  automatic  cut  out  con- 
sisting of  a  paper  film  set  between  the 
terminals  of  a  series  incandescent  lamp, 
designed  to  short  circuit  the  current  and 
cut  out  the  lamp  when  Uie  filament 
breaks. 

Film  Li^htnin^  Arrester. — ^A  lightning 
arrester  provided  with  a  cut  out  consisting 
of  a  paper  or  mica  film. 

Filtering. — ^Various  mediums  are  used  in 
the  process  of  filtnition:  charcoal  and 
bone  black  when  it  is  desired  to  retain  or 
remove  certain  gases,  etc.,  sand  or  gravel 
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for  rough  fiRration  in  large  qiuntitieB,  and 
silica  or  sponge  for  fine  work. 

Filtnbtion. — The  passing  of  a  liquid 
through  a  filter  or  cleansing  medium  for 
the  purpose  of  removing  mipuritiee  or 
other  undissolved  solids. 

Finia  Cmhlm  Splice.— The  finishing  splice 
in  a  cable. 

Final  Csible  Test.--The  final  test  applied 
to  a  cable  after  it  has  been  laid,  to  see  if  it 
meets  all  requirements. 

Final  Pressure. — ^In  steam  engineering, 
that  pressure  which  would  exist  in  the 
cylinder  of  an  engine  if  the  expansion  were 
continued  to  the  end  of  the  stroke  instead 
of  being  interrupted  bv  pre-reietue.  It  is 
usually  called  iermintu  pressure;  its  in- 
tensity depends  on  the  initial  pressure* 
ratio  of  expansion,  and  amount  of  con- 
densation. 

Findingp  Earth*— The  act  of  grounding  a 
telegraph  circuit. 

Fine  Meiai. — In  smelting,  matte  which  is 
obtained  from  the  fusion  of  calcined  coarse 
metal,  such  as  copper  or  slags  and  ores. 

Finished  BarlSftees. — Those  portions  of  a 

piece  of  machinery  which  are  machined 

or  filed  to  a  smooth  polished  surface;  either 

for  jointing  where  one  part  abuts  on  an- 

other,  or  for  the  sake  of  appearance.    A 

machined  surface  is  one  where  smoothness 
or  hi|^  polish  is  not  demanded,  the  work  being 
left  with  minute  ridges  and  tool  marks,  whkE 
would  be  removed  in  finishing. 

Finishing  Brushes. — Fine  brushes  em« 
ployed  for  polishing  a  metal  after  it  has 
oeen  dectroplated. 

Fire* — ^The  evolution  of  light  and  heat  in 
the  combustion  of  bodies,  or  that  active 
natural  process  bj  which  burning  bodies 
are  decomposed  with  the  evolution  of  heat 
and  light;  combustion;  state  of  ignition. 

Fire  Alsjm* — An  apparatus  for  giving  or 
communicating  an  alarm  of  fire;  as,  by 
tele^phic  signals.  When  of  the  auto- 
matic t3a>e  the  operation  depends  on  the 
action  of  thermostaUy  placed  m  the  circuit 
at  various  points;  these  are  affected  by  a 
change  of  temperature*  hence  on  being 
heat^  they  close  the  circuit  which  causes 
the  alarm  to  sound. 


Fire  Alarm  Annnneiater* — ^An  annunci- 
ator for  use  in  a  fire  alarm  system. 

Fire  Alarm  Centaet* — A  contact  so  ad- 
justed as  to  n^ve  an  alarm  of  fire  when  heat- 
ed to  a  certain  point. 

Fire  Alarm  Big^Ml  Bex* — A  signal  box 
conveniently  located  for  turning  in  a  fire 
alarm. 


Fire  Alarm  Telegraph* — A  S3rstcm  of 
telegraphy  for  seizing  fire  alarms  from 
signal  boxes  located  at  convenient  points 
along  the  line. 

Fire  Ball* — A  rare  form  of  lightning  in 
which  a  ball  of  fire  is  seen  to  run  along  a 
surface  or  float  in  the  air  and  finally  burst; 
globular  lightning. 

Fire  Bars* — The  bars  on  which  the  fire 
rests  in  the  furnace  of  a  steam  boiler. 

Fire  Briek* — A  refractory  brick,  capable  of 
sustaining  intense  heat  without  fusion, 
OQmposed  largely  of  fire  clay. 

Fire  Cleansiny* — Subjecting  metal  to  the 
action  of  fire  in  order  to  remove  surface 
impurities  before  electroplating. 

Fire  Ewtinynisher,  Electric*— A  ther- 
mostat which,  upon  a  given  increase  of 
temperature,  completes  an  electric  circuit 
by  means  of  which  water  is  turned  on  in 
case  df  fire. 

Fire  Glevr* — ^A  name  given  in  early  times 
to  the  aurora. 

FireprooH — ^Incombustible;  proof  against 
fire. 

Fire  BnrlSftce* — ^The  heating  surface  of  a 
boiler,  subject  to  the  action  of  flame  and 
hot  gases. 

Fire  Telegpraph* — ^A  system  of  telegraphy 
for  sending  fira  alarms  to  an  engine  house 
from  signal  boxes  located  at  convenient 
points  along  the  street. 

Fire  Tube  Beiler* — A  term  representing  a 
class  of  multi-tubular  boilers  in  which  the 
inside  of  the  tube  is  exposed  to  the  fire  and 

Sses  from  the  furnace,  as  distinguished 
>m  water  tube  boilers. 

Firing^  Battery* — A  battery  suitable  for 
firing  a  fuse  in  order  to  explode  a  blast,  or 
a  suBmarine  or  land  mine. 


AH 


Firing  Filament. 


168 


Flaming  of  Arc. 


Firing  Filament. — Carbonizing  a  filament 
in  order  to  render  it  fit  for  use  in  an  incan- 
descent lamp. 

Firinff  of  Steam  Boilers* — ^This  compris- 
es tm*ee  things:  (1)  The  preparation,  wnich 
includes  the  partial  filling  with  water  and 
the  kindling  of  the  fire,  (2)  the  running, 
embracing  the  feeding,  firing,  and  extinc- 
tion or  banking  of  the  fire,  (3)  the  clean- 
ins  out  after  it  has  been  worked  for  some  time. 
Before  lighting  the  fire  under  a  boiler  the  engineer 
or  fireman  should  make  a  rapid  yet  diligent  exam.i> 
nation  of  various  things,  vis.:  (1)  He  should  make 
sure  that  the  boiler  has  the  right  quantity  of  water 
in  it;  that  it  has  not  run  out  during  the  night  or 
been  tampered  with  by  some  outside  part^;  ver^ 
many  boilers  have  been  ruined  by  negleotmg  this 
first  simple  precaution.  (2)  He  should  see  that 
the  safety  valve  is  in  working  order;  this  is  done  by 
lifting  by  rod  or  hand  the  valve  which  holds  the 
weight  upon  the  safety  valve  rod.  (3)  He  should 
ooea  the  upper  gauge  cock  to  let  out  the  air  from 
tne  boiler  while  the  steam  is  forming.  (4)  He 
should  examine  the  condition  of  the  grate  bare  and 
see  that  no  clinkers  are  left  from  the  previous 
firing. 

First   Rate   Subscriber**  Board. — In 

telephony,  a  switchboard  which  handles 
the  business  of  the  first  rate  subscribers, 
or  those  who  have  independent  lines,  as 
distinguished  from  subscribers  on  party 
lines. 

Fished  Wires* — Wires  that  have  been 
drawn  through  ducts  by  the  process  of 
fishing. 

Fishes*  Electric. — Certain  fishes  which 
have  the  power  of  giving  electric  shocks 
in  a  greater  or  less  degree;  as,  the  deo 
trie  ed. 

Fishing. — A  method  of  running  wires 
through  walls,  floors  and  ducts  by  the  aid 
of  other  wires  attached  to  the  conductors 
and  threaded  and  drawn  through  in  ad- 
vance. 

Fishing  Box. — In  a  conduit  system  of  wir- 
ing, a  name  sometimes  given  to  a  junction 
box  at  which  splices  may  be  made  and 
wires  may  be  "  fished  "  through. 

Fishinif  Process* — In  electric  wiring,  the 
process  of  fishing  conductors  into  place. 

Fioh  Joint. — A  splice  consisting  of  one  or 
more  pieces  of  iron  or  wood  bolted  to  the 
side  or  sides  of  two  adjacent  rails,  where 
the  head  of  one  meets  the  foot  of  the  other; 
a  fish  plate. 

Fish  Plate. — In  an  electric  railway,  the 
metal  plate  which  joins  one  rail  to  another. 


Fire  Point  Branchin^f  Jack* — A  five 
contact  spring  jack  employed  in  the  switch- 
board of  the  branch  terminal  telephone 
system. 

Five  Point  Jack. — ^A  telephone  spring 
jack  provided  with  five  contacts  for  use  in 
a  multiple  switchboard. 

Five  Wire  System* — ^A  system  of  electric 
distribution  based  upon  the  principle  of 
the  three  wire  system,  having  m  this  case 
five  conductors  leading  from  series  con- 
nected dynamos. 

Fixed  Electric  Lamp* — ^An  electric  lamp 
attached  to  a  stationary  fixture. 

Fixed  Resistance* — ^A  resistance  having 
a  constant  known  value. 

Fixture  Cut  Out* — A  cut  out  suitable  for 
an  electric  light  fixture. 

Fixture*  Electric* — ^The  fittings  required 
in  the  installation  of  an  electric  lamp;  more 
specifically  the  lamp  bracket  or  electrolier. 

Fixture  Wire* — A  variety  of  insulated  wire 
adapted  to  lamp  fixtures. 

Flaif  Si^^naling* — A  method  of  signaling 
by  means  of  a  small  flag  which  is  waved  to 
the  left  and  right  to  indicate  the  dots  and 
dashes  of  the  telegraphic  code;wig-wagging. 

Flake  of  Cable* — One  loop  of  a  horizon- 
tally coiled  cable. 

Flame* — ^The  burning  of  gas  or  vapor  which 
is  given  off  from  the  combustion  of  a  solid 
or  liquid  substance.  By  luminous  flame 
is  generally  meant  that  which  burns  with 
a  bright  yellow  to  white  color.  All  flame 
under  a  steam  boiler  is  not  luminous,  some- 
times the  whole  or  a  part  of  it  will  be  red 
or  blue. 


Flaminff  Arc  Lamp* — An  arc  lamp  of 
high  efficiency  in  which  the  carbons  are 
impregnated  with  a  combination  of  metal- 
lic salts  which  cause  a  long  arc  to  flame 
with  intense  brilliancy.  The  length  of  the 
arc  may  be  five  times  as  great  as  with  ordi- 
nary carbons.  The  source  of  light  is  no  longer 
solely  the  incandescence  of  the  carbon  points  but 
chiefly  the  luminous  arc  between  the  points,  which 
are  placed  oonverKin^  downward,  so  that  almost 
uniform  illumination  is  obtained  in  all  directions. 

Flaming  of  Arc* — 1.  The  brilliant  light 
produced  between  the  electrodes  of  a  fliun- 
mg  arc  lamp. 
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2.  A  flaming  or  flickering  of  the  arc 
which  takes  pkce  when  the  distance  be- 
tween the  caroons  of  an  ordinary  arc  lamp 
becomes  too  great. 

FUtsh. — 1.  A  sudden  and  transient  blase  ot 
flame  or  bright  light;  as  a  flash  of  light- 
ning. 

2.  To  treat  a  carbon  filament  by  flash- 
ing, t.  e,f  by  depositing  additional  carbon 
at  such  parts  as  exhibit  the  greatest  resist- 
ance to  a  current. 

Flashed  Filaments. — Carbon  filaments 
which  have  been  prepared  for  incandescent 
lamps  by  the  process  o(  flashing. 

Flashing* — A  process  of  perfecting  the  car- 
bonization of  the  filament  of  an  incan- 
descent lamp,  whereby  a  final  layer  of  sur- 
face carbon  is  apphed  by  momentarily 
heating  the  filament  electrically  to  a  white 
heat  in  a  carbonaceous  atmosphere. 

Flashing  Lights. — Lights,  especially  those 
in  lighthouses,  displayed  in  intermittent 
flashes. 

Flashing  of  D^rnamo. — Flashing  or  spark- 
ing which  is  liable  to  take  place  at  the 
brushes  of  a  commutator.  It  may  arise 
from  bad  adjustment  or  condition  of  the 
brushes,  bad  condition  of  commutator, 
overload  ^  of  djrnamo,  loose  connections, 
diaoonneotions  or  short  circuits  in  annature  cir- 
cuit, and  similar  causes.  When  sparking  occurs 
at  the  brushes  of  a  good  dynamo,  two  kinds  may 
generally  be  distinguished  by  the  experienced 
eye,  vis.,  those  sparks  due  to  bad  adjustment  of 
the  brushes,  generally  of  a  bluish  color,  small 
when  near  the  neutral  points,  and  increasing  in 
violence  and  brilliancy  as  the  brushes  recede  fiom 
the  correct  Dositions  upon  the  commutator:  and 
those  due  to  a  dirty  and  neglected  state  of  the 
commutator    and    brushes,    these   being    distin- 

Euished  by  a  reddish  color  and  a  8i>luttering  or 
b«ing.  When  due  to  this  last-mentioned  cause, 
it  is  impossible  to  suppress  the  sparking  until  the 
commutator  and  brushes  have  been  cleaned  up. 
In  ihe  former  case,  the  sparks  will  disappear  as 
soon  as  the  brushes  have  been  lotated  into  the 
neutral  points. 

Flashing  Over. — In  dynamos  furnishing 
high  pressure  current,  the  drawing  out  of 
a  long  blue  spark  from  brush  to  brush  on 
the  commutator,  when  the  resistance  of 
the  circuit  is  suddenly  changed. 

Flash  Light. — A  type  of  lighthouse  or  sig- 
nal light  in  which  the  rays  are  rendered 
intermittent  by  being  alternately  obscured 
and  revealed. 

Flash  Point  of  Oil.— The  temperature  at 
which  oil  gives  off  explosive  vapors.    It  is 


determined  by  heating  the  oil  with  a  ther- 
mometer immersed  in  it,  and  applying  a 
flame  as  the  temperature  rises.  Sometimes 
the  oil  is  heated  in  shallow  cups  of  a  speci- 
fied size,  and  a  taper  is  passed  over  the 
surface  to  cause  ignition;  this  is  termed 
the  ''open  flash"  test. 

Flash  Signaling. — A  method  of  wgn^lmg 
by  intermittent  nashes  of  light. 

Flash  System  of  Gas  Lig^hting. — ^A  sys- 
tem of  gas  lightmg  used  in  large  audito- 
riums where  there  are  many  groups  of  jets. 
Each  burner  is  furnished  with  two  insulated 
sparking  points  so  adjusted  that  an  electric 
s])ark  between  them  passes  across  to  the 
tip  and  Ughts  the  gas. 

Flat  Board. — A  telephone  switchboard 
which  lies  in  a  horizontal  position  instead 
of  standing  upright. 

Flat  Cable. — A  cable  made  up  of  conduc- 
tors laid  side  by  side  to  permit  of  resting 
closely  against  a  wall  or  ceiling. 

Flat  Commntator  Segment. — A  com- 
mutator bar  that  has  become  flattened  or 
pitted  by  wear  or  some  fault  in  adjustment. 

Flat  Duplex  Cable. — ^A  flat  cable  made 
up  of  two  parallel  conductors. 

Flat  Iron*  Electric. — A  domestic  flat  iron 
heated  by  an  electric  current. 

Flat  ^  Ring  Armature. — ^An  armature 
having  a  core  shaped  like  a  broad  flat  ring. 

Flats* — ^The  points  upon  the  surfaces  of 
commutator  segments,  which,  through  wear 
or  faulty  adjustment,  have  become  worn 
away  so  as  to  form  slight  depressions.  ^  It 
is  not  confined  to  dynamos  of  bad  design 
or  construction,  but  frequently  appears  on 
those  of  the  highest  class,  and  may  be  recognized 
aa  a  "pittin^'*^  or  "flattening**  ol  one  or  more 
segments.  It  is  always  accompanied  by  sparldng 
at  the  brushes,  and  may  be  due  to  a  periodical 
jumping  of  the  brushes,  caused  bv  a  bad  state  of 
the  commutator,  or  a  bad  joint  in  the  driving 
belt,  or  to  a  flaw,  or  a  difference  in  the  composi- 
tion of  the  metal  of  the  particular  bar  upon  which 
it  appears.  But  more  frequently  it  may  be  traced 
to  a  more  or  less  developed  fault,  such  as  a  dis- 
connection, either  partial  or  complete,  in  the 
armature  coil.  The  disconnection  may  occur 
either  in  the  coil  itself,  or  at  the  point  where  its 
ends  make  connection  with  the  lug  of  the  com- 
mutator, or  at  the  point  where  theiug  is  soldered 
to  the  segment  of  toe  commutator. 

Flaw. — A  defect  or  imperfection;  a  crack  in 
otherwise  solid  metal. 
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Fleetlnff  Knife. — A  device  on  a  cable  lay- 
ing machine  for  guiding  the  cable  over  the 
drum. 

Fleminfl^**  Rule. — ^A  rule  for  determining 
the  direction  of  the  induced  current  in  a 
circuit.  It  may  be  expressed  as  follows: 
Hold  the  thumb  and  the  first  and  the  mid- 
dle fingers  of  the  right  hand  as  nearly  as 

possible  at  right  angles  to  each  other,  so  as 
to  represent  three  rectangular  axes  in  space:  if  the 
thumb  points  in  the  direction  of  the  motion  of  the 
oonductor,  and  the  forefinger  points  along  the  di- 
rection of  the  magnetic  lines,  then  the  middle 
finger  will  point  in  the  direction  of  the  induced 
electromotive  foioe. 

FlMdble  Conduit  System* — ^An  under- 
ground conduit  system  constructed  in  such 
•  a  manner  as  to  permit  of  the  introduction 
of  wires  at  any  tune. 

Flexible  Eleetric  Heater.— A  flexible 
device  for  applying  electric  heat  to  various 
parts  of  the  human  body  in  medical  prac- 
tice. 

Flexible  Iiamp  Cord. — ^A  cord  composed 
of  insulated  flexible  conductors,  twisted 
together  and  serving  as  a  pendant  or  other 
connection  for  an  incandescent  lamp. 

Fleidble  Lead. — ^Any  electrical  conductor 
that  is  80  stranded  as  to  be  readily  bent. 

Flexible  Pendant. — ^An  incandescent  lamp 
pendant  composed  of  its  own  flexible  con- 
ductors. 

Flexible  Shailinff. — A  pliant  shaft,  much 
used  for  driving  drills  and  which  may  be 
connected  directly  to  an  electric  motor;  a 
shaft  composed  of  a  number  of  concentric 
spiral  coils  of  wire,  wound  alternately  right 
and  left. 

Flexible  Twin  Lead. — ^A  lead  composed 
c^  two  flexible  conductors  running  parallel. 

Flexnre. — In  mechanics,  a  term  sometimes 
applied  to  the  bending  of  a  beam  under  a 
load.  It  is  measured  either  by  the  deflec- 
tion of  a  given  point  in  the  beam  from  a 
straight  line,  or  oy  the  curvature  which  it 
acquires  under  the  action  of  the  load. 

Flicker  Photometer. — A  type  of  photom- 
eter in  which  rotating  mirrors  or  diffusing 
screens  are  emplo^^ed  in  order  to  give  rap- 
idly alternating  impressions  from  both 
lamps.  By  increasing  the  speed  of  rota- 
tion, the  two  lights  appear  to  flicker  and 


the  flickering  ia  more  pronounced  the  greater  the 
difference  of  the  liuninous  intenaitiea  oT  the  lamps 
under  oompariaon. 

Float  Feed  Carburetter. — ^A  carburetter 
for  internal  combustion  engines,  in  which 
a  cork  or  hollow  metal  float  controls  the 
height  of  the  gasoline  or  other  liquid  fuel 
in  the  receiving  or  float  chamber. 

Floating  Battery. — A  storage  battery 
employed  in  a  parallel  system  to  discharge 
into  or  be  charged  by  the  system  as  re- 
quired. 

Float  Trap. — ^In  steam  engineering,  a  trap 
in  which  the  rise  of  the  level  of  the  water 
of  condensation  raises  a  ball,  which  oper- 
ates a  valve  to  discharge  accumulated 
water. 

Float  Valve. — ^An  automatic  valve  in 
which  the  admission  of  water  into  a  tank 
or  vessel  is  controlled  b^  a  lever  attached 
to  a  hollow  sphere,  which  floats  on  the 
surface  and  opens  or  closes  the  valve,  ac- 
cording to  its  position. 


Floffffinff  Hammer. — A  medium  sized 
sledge  hammer  such  as  used  by  erectors 
and  machinists. 

Floor  ChiseL — In  wiring,  a  wide  rod  chisel 
used  by  electricians  for  cutting  through 
floors.  It  is  usually  18  to  24  inches  long, 
and  must  not  be  used  for  prsdng  up  boards, 
the  ripping  chied  being  employed  for  that 
p\irpose. 

Floor  Contact. — ^An  electric  contact  set  in 
the  floor  and  operated  by  a  pressure  of  the 
foot. 

Floor  Push. — ^A  press  button  for  ringing 
an  electric  bell,  so  constructed  that  it  may 
be  set  into  the  floor  and  operated  by 
pressing  with  the  foot. 

Flour  of  Sulphur. — In  steam  pipe  fitting 
and  wiring,  a  fine  flour  made  of  sulphur; 
this  mixed  with  sal  ammoniac  and  iron 
borings  is  used  for  making  rust  joints. 

Flo'w. — The  amount  of  a  fluid  in  motion  that 
passes  any  point  in  a  given  time;  as  a  flow 
of  electricity. 

Flow  of  Electro-static  FIusew— The  move- 
ment of  electrostatic  flux  along  a  con- 
ductor, giving  rise  to  the  electric  current. 
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Tifnw  of  Energy* — ^The  movement  of  ener- 
nr  along  a  conductor,  giving  rise  to  the 
electric  current. 

Flow  of  Heat. — The  passage  of  heat 
through  a  conducting  substance  under  con- 
ditions of  varying  temperature. 

Flow  of  Mag^netie  Flux* — ^The  passage 
of  lines  of  magnetic  force  through  a  mag- 
netic circuit. 

Flactuatinir  Current. — ^A  current  vary- 
ing in  strength  and  pressure. 

Fluid  l>epolapriser« — A  liquid  added  to  a 
primaiv  cell  to  prevent  polarization.  The 
Daniell  and  Grove  types  of  cells  employ 
fluid  depolarizers,  the  former  using  a  solu- 
tion of  copper  sulphate,  and  the  latter  nitric 
acid  or  bicnromate  of  potash. 

Fluid*  Electric* — A  term  formerly  applied 
to  electricity  in  accordance  with  the  now 
rejected  theory  that  electricitv  is  actually 
a  material  fluid  existing  in  all  bodies. 

Fluid  Insuliirtor* — ^An  oil  insulator  some- 
times used  for  high  potentials. 

Flufdity. — The  quality  of  being  fluid  or 
capMible  of  flowing;  that  qualitv  of  bodies 
which  renders  them  impressible  to  the 
slightest  force,  and  by  which  the  particles 
easily  move  or  change  their  relative  posi- 
tion without  a  separation  of  the  mass;  a 
liquid^  aeriform,  or  gaseous  state;  opposed 
to  sohdity. 

Fluid  Pressure. — In  mechanics,  pressure 
is  transmitted  by  fluids  in  aU  avrectUms 
with  an  equal  pressure.  The  intensity  of 
this  pressure  at  any  point  within  the  fluid 
is  proportional  to  the  depth  of  the  point 
from  the  surface  of  the  fluid. 

Flume* — A  passage  or  conduit  for  the  water 
that  drives  a  mill  wheel,  or  an  artificial 
channel  of  water  for  hydraulic  mining;  also 
a  chute  for  con  veering  logs  or  limiber  down 
a  declivity.  In  mining,  an  open  or  covered 
conduit  tor  water,  generally  timber  built, 
and  carried  on  trestle  work. 

Fluorescence* — ^The  property  possessed  b^ 
some  transparent  booies  of  becoming  Imni- 
nous  from  light  previously  absoibed  by 
them.  In  fluorescence,  light  is  transformed 
bv  the  invisible  rays  be^^ond  the  violet  and 
ultra-violet  becoming  visible,  the  particles 
absorbing  one  wave  length  and  emitting 


another.    Fluorescence  may  be  said  to  be 
a  form  of  phosphorescence. 

Fluorescent  Screen* — A  screen  coated 
with  fluorescent  matter  employed  in  a 
fluoroscope  for  X-ray  work. 

Fluorimeter* — A  name  sometimes  given  to 
the  fluoroscope. 

Fluoropaph. — ^The  picture  cast  upon  a 
fluorescent  screen  of  an  object  tmrough 
which  X-rays  are  passed. 

Fluoroscope* — ^An  opaque  box  or  tube 
having  at  one  end  a  screen  coated  with 
fluorescent  material,  for  the  purrose  of 
exhibiting  the  shadows  cast  by  the  X-rays* 

Fluoroscopic  Examination* — ^An  exam- 
ination of  the  human  body  by  the  use  of 
the  X-ray  in  connection  with  the  fluoro- 
scope. 

Fluoroscopic  Screen* — ^A  fluorescent 
screen  employed  in  the  fluoroscope. 

Fluoroscopy* — ^The  examination  of  the 
human  bodv  by  the  use  of  X-rays  in  con- 
nection with  tne  fluoroscope;  cyptoscopy. 

Flush  Bolt. — A  screw  bolt  whose  head  is 
countersunk,  so  that  it  will  not  protrude 
from  the  surface. 

Flush  Box* — In  an  underground  conduit 
system,  a  box  or  opening  sunk  flush  with 
the  street  level  for  the  purpose  of  permit- 
ting an  examination  of  the  conductors,  or 
the  introduction  or  removal  of  wires  from 
the  conduit. 

Flush  of  Current* — ^The  excessive  rush  of 
current  which  enters  an  arc  lamp  at  the 
moment  of  starting. 

Flush  Plate* — ^A  plate  provided  with  flush 
push  buttons. 

Flush  Push* — A  push  button  set  flush  with 
the  siuTounding  surface. 

Flush  Switch* — A  key  switch  so  placed  as 
to  be  flush  with  the  surface  of  the  wall  or 
woodwork  on  which  it  is  mounted. 

Fluvioipraph,  Electric* — An  electrical  in- 
strument for  measuring  and  recording 
automatically  the  rise  and  fall  of  level  in 
a  river  or  other  body  of  water. 
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Flnz* — 1.  lu  melting  metals,  au  addition  of 
some  mineral,  generally  limestone  or  chalk, 
to  the  charge  in  the  furnace,  for  the  pur- 
pose of  absorbing  mineral  impurities  in  the 
metal  and  running  them  off  as  the  slag. 

2.  In  soldering  or  brasing,  a  subatance  applied 
to  the  pprtjona  to  be  united,  causing  the  solder  to 
flow  easily  and  adhere  to  the  joint. 

3.  A  general  tenn  for  Htectroatatie  or  maonetic 
fiux. 

Flue  Density. — The  number  of  magnetic 
lines  that  run  through  a  unit  area  of  cross- 
section  of  a  magnetized  substance. 

Flue  Horn. — One  of  the  projecting  edges  of 
the  pole  pieces  of  a  dynamo  which  extend 
in  the  direction  of  the  armature;  the  lead' 
inghom. 

Flue  IntensitT'. — The  flux  density  of  a 
magnetized  suostance. 

Flue  Leaka^* — Any  dissipation  or  loss  of 
electrostatic  or  magnetic  flux. 

Flux  Magnetism. — The  magnetic  flux,  be- 
ing the  total  number  of  lines  of  force  pass- 
ing through  a  magnetic  circuit.  It  is  equal 
to  the  product  of  the  magnetic  density  b^ 
the  cross  section  area.  Flux  magnetism  is 
also  known  as  magnetic  flow.  The  follow- 
ino:  definition  of  magnetic  flux  is  that  given  by  a 
committee  of  the  American  Institute  of  Electncal 
En^inpere  on  "Units  and  Standards":  "The  mag- 
netic flux  through  a  surface  bounded  by  a  closed 
curve  is  the  aunaoe  integral  of  magnetic  induc- 
tion taken  over  the  bounded  surface,  and  whea 
produced  by  a  current  is  also  equal  to  the  line 
integral  of  ihe  vector  potential  of  tiie  current 
taken  loimd  the  boundary." 

Flujc  of  Heat. — ^The  amount  of  heat  flow- 
ing through  a  given  distance  in  a  given 
time. 

Flux  of  Liffht. — ^The  amount  of  light  pass- 
ing through  a  certain  area  in  a  given  time; 
quantity  of  light. 

Flue  of  Mag^netic  Induction.— The  flow- 
ing of  magnetic  induction. 

Fly  or  Flyer,  Electric* — A  light,  delicate- 
ly poised  wheel  with  radiations  terminating 
in  points  bent  at  right  angles  in  the  same 
direction;  when  connected  with  a  source 
of  electricity,  it  spins  rapddly  on  account 
of  the  discharge  of  convection  streams  from 
the  points  resisting  the  surrounding  air; 
a  reaction  wheel. 

Flying  Break  of  Armature  Conduc- 
tor.— A  break  in  an  annature  winding 


that  can  be  seen  only  during  the  rotation 
of  the  armature. 

Tiding  Cross. — A  fault  liable  to  occur  in 
the  armature  of  a  dynamo  or  motor,  due  to 
a  loose  wire  that  causes  trouble  only  when 
the  armature  is  in  rotation.  If  not  located, 
the  fault  will  finally  bum  through  the  arma- 
ture insulation. 

Flyinip  Sounding^. — Soimdings  that  may 
be  taken  in  water  not  over  two  hundred 
fathoms  deep  while  the  vessel  is  moving 
at  the  rate  o(  five  or  six  knots  an  hour. 

Fly  Wheel  Alternator. — ^A  term  some- 
times applied  to  an  alternator  in  which 
the  armature  conductors  are  wound  in 
slots  on  the  inside  face  of  the  laminated 
core,  while  the  field  ma^et  system  is  built 
upon  the  rim  of  a  massive  fly  wheel  which 
revolves  within  the  bore  of  the  armature. 

Foaming  in  Boilers. — The  mixing  of 
steam  and  water  in  boilers  accompanied 
b^  violent  ebullition.  The  causes  are: 
duty  water,  trying  to  evaporate  more 
water  than  the  size  and  construction  of  the 
boiler  is  intended  for,  taking  the  steam  too 
k>w  down,  insufficient  steam  room,  imperfect  con- 
struction of  boiler,  too  small  a  steam  pipe,  and 
sometimes  it  is  produced  by  oanying  the  water 
line  too  high. 

Focal  Distance. — ^The  distance  from  the 
center  of  a  mirror  or  lens  to  its  focus. 

Focimeter  or  Focometer. — ^An  instru- 
ment for  finding  the  focus  of  a  lens  or  a 
combination  of  lenses. 

Focus. — 1.  The  point  of  concentration. 
2.  A  point  at  which  rays  of  hght  meet, 
or  seem  to  meet,  after  passing  through  a 
lens  or  being  reflected  from  a  mirror. 


Iiamp. — ^An  arc  lamp 
carbons  automatically  mov^ 
respective  rates  of  consump- 
mamtain  the  arc  at  the  focus 
reflector;  an  important  con- 
lighthouse  and  lantern  work. 
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Focus  Rays. — A  term  applied  to  the 
Roentgen  or  X-rays;  a  peculiar  radiation 
produced  in  a  hi^  vacuum  tube  whenever 
cathode  rays  stnke  some  solid  substance, 
the  method  employed  is  to  apply  a  high 
tension  current  to  a  vacuum  tube  having 
electrodes  sealed  in  its  ends. 

Focus  Tube. — A  device  for  the  production 
of  X-raySy  oonsiBting  of  a  glass  tube  with 
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electrodes  sealed  in  the  ends  and  having 
the  air  exhausted  as  completely  as  possible, 
the  efficiency  of  the  tube  depending  on  the 
degree  of  vacuum. 

Foi^9  Electric. — A  fog  which  sometimes 
arises  when  the  atmosphere  contains  an 
unusual  amount  of  free  electricity. 

Foil  Brush. — A  dynamo  or  motor  commu- 
tator brush  composed  of  metallic  foil,  es- 
pecially copper  foil. 

Foiled  Conductor* — A  conductor  having 
an  outside  coating  of  tin  foil. 

Following  Horns. — ^The  projecting  edges 
of  the  pole-pieces  of  a  dynamo  which  ex- 
tend in  a  direction  opposite  to  the  rotation 
of  the  armature;  the  poles  towards  which 
the  armature  turns. 

Fool  Proof. — A  term  a]:>plied  to  any  ma- 
chine, instrument  or  device  that  is  so  safe- 
guarded in  its  construction  that  an  igno- 
rant or  incompetent  f)erson  cannot  easily 
inflict  injury  upon  it  or  suffer  injury  from 
it  by  careless  handling. 

Foot. — 1.  The  lower  part  or  foundation; 
the  ground  part;  the  bottom;  as,  of  a 
column. 

Foot  Candle. — A  unit  of  illumination,  be- 
ing the  light  of  a  standard  candle  at  the 
distance  of  one  foot. 

Foot  Grain. — A  section  of  wire  one  foot  in 
length  and  weighing  one  grain,  taken  as  a 
unit  in  measuring  resistance. 

Foot  Pound. — A  unit  of  work  or  energy; 
it  is  the  work  done  when  a  weight  of  one 
pound  is  raised  to  the  height  of  one  foot. 

Foot  Pound  per  Second. — A  unit  of  ac- 
tivity; it  is  the  expenditure  of  one  foot 
pound  of  energy  in  a  second  of  time. 

Foot  Switch. — A  switch  so  situated  as  to 
be  controlled  by  the  foot. 

Force. — An  influence  exerted  upon  a  body 
so  as  to  produce  a  change,  or  a  tendency 
to  change,  in  its  state  of  rest  or  motion. 

Forced  Draught. — ^In  steam  engineering, 
a  avstem  of  artificial  draught  in  which  air 
is  forced  through  the  fires  to  accelerate 
combustion,  thus  increasing  the  boiler 
horse  power. 


Forced  Vibrations. — ^Vibrations  which  a 
vibrating  body  tends  to  set  up  in  other 
bodies  near  it,  even  though  their  periods 
of  vibration  are  different. 

Force  Fit. — A  shop  term  for  that  class  of 
fit  where  a  shaft  is  turned  so  much  larger 
than  its  hole  that  a  screw  or  hydraulic 
press,  or  the  application  of  heat  to  the  fe- 
male piece  is  necessary  to  get  the  pieces 
together. 

Forebay. — ^The  end  of  a  mill  race,  next  the 
wheel,  or  that  part  of  a  race  above  the 
flume  or  chute  of  a  turbine  water  wheel. 

For^e*  Electric. — A  furnace  in  which  the 
metal  to  be  worked  is  heated  by  electricity. 

Fork. — Anything  like  a  fork  in  shape,  also 
one  of  the  parts  into  which  anything  is 
bifurcated  or  divided;  a  prong;  a  point; 
a  mine  is  said  to  be  in  fork,  or  an  engine 
to  have  the  water  in  fork,  when  all  the 
water  is  drawn  out. 

Forked  Circuits. — A  number  of  circuits 
which  diverge  from  a  central  point,  being 
one  of  the  methods  of  wiring  employed  in 
telegraphy. 

Forked  Li^htninfp. — A  form  of  lightning 
discharge  which  seems  to  split  into  branches 
or  to  follow  a  zigzag  path;  zigzag  lightning. 

Form. — ^The  shape  and  structure  of  any- 
thing, as  distinguished  from  the  material 
of  which  it  is  composed;  configuration; 
figure;  frame;  external  appearance. 

Formal  Inductance. — ^The  self  induction 
in  an  electric  circuit  due  to  the  form  of  the 
circuit. 

Formed  Armature  Windings. — Arma- 
ture coils  that  are  woimd  upon  a  form  and 
then  transferred  to  the  armature  core. 

Formed  Plates. — Lead  plates  prepared  for 
use  in  secondary  cells. 

Former. — A  template  or  shape  sometimes 
used  for  winding  armature  coils  before 
placing  them  on  the  armature  core. 

Forminp^  Block. — In  a  multiple  telephone 
switchboard,  a  block  employed  to  ^hold 
spring  jack  connections  before  joining 
tnem  up  with  the  line  conductors,  prepar- 
atory to  fitting  them  into  the  switchboard. 
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Forming  Proeess. — ^The  preparation  of 
the  lead  plates  of  a  storage  battery  in  which 
they  are  subjected  repeatedly  to  the  action 
of  reversed  currents  while  immersed  in 
dilute  sulphuric  acid,  until  the  anode  plate 
becomes  coated  with  a  semi-porous  film  of 
brown  dioxide  of  lead  and  the  cathode 
plate  assumes  a  spongy  metallic  state. 

Formula. — 1.  A  prescribed  form,  principle 
or  rule  expressed  in  mathematical  terms, 
chemical  sjrmbols,  etc. 

2.  An  arithmetical  formula  is  a  general 
rule  of  arithmetic  expressed  by  signs. 
Formulas  or  formulae  express  the  plural  of 
formula,  a  Latin  word  which  means, 
simply,  a  form;  hence,  a  formula  is  a  form 
of  stating  a  problem. 

Torta,  Wound  CoiL — An  armature  coil 
prepared  upon  a  form  to  the  shape  of  an 
uregular  rectangle  so  as  to  exactly  fit  the 
place  intended  for  it  upon  the  armature 
core. 

Forward  Indnetion.  —  Induction  that 
tends  to  aid  the  electromagnetic  field,  as 
distinguijshed  from  back  induction  which 
opposes  it. 

Forward  Lead  of  Brashes* — A  displace- 
ment of  the  brushes  upon  the  commutator 
of  a  dynamo  armature  in  advance  of  the 
position  at  right  angles  to  the  line  connect- 
mg  the  poles  of  the  field  magnet ;  also  called 
positive  lead.  In  a  motor  the  brushes  are 
set  back  of  the  right  angle;  that  is,  they 
are  given  a  negative  lead. 

Forward  Pitch  of  Armature  Windinff* 

— ^A  right  hand  pitch  as  regarded  from  the 
commutator  ena. 

Foneault  Ci&rreiits. — Stray  currents 
which  are  liable  to  be  set  up  in  the  core  of 
an  armature,  because  the  iron  of  the  core 
cuts  the  flux  in  the  same  manner  that  the 
windings  do.  To  prevent  these  local  cur- 
rents, usually  known  as  eddy  currents,  the 
armature  is  built  up  of  UuninatioDB  oonsisthig  of 
thin  stamping?  of  steel. 

When  the  oonstniction  of  the  armature  core 
and  conductors  does  not  fulfil  the  necessary  con- 
ditions required  for  the  prevention  of  eddy  cur- 
renti,  such  as  the  laminations  not  being  eufhci- 
ently  insulated  or  numerous  enough,  a  great 
heating  of  the  whole  of  ^e  armature  results, 
which  may  even  extend  to  the  bearings.  There 
is  no  remedy  for  this  defect  other  than  the  pur> 
chane  of  a  new  armature,  or  the  entire  reconstruc- 
tion of  the  old.  The  fault  may  be  detected  by 
exciting  the  field  mngneta  and  running  the  ma- 
chine on  open  circuit,  with  the  brushes  raised  off 
the  commutator  for  some  time,  when  the  arma- 
tux6  will  be  found  to  be  excessively  heated. 


Foneault,  Jean  Bernard  Leon. — ^Bom 
1819,  died  1868.  A  French  scientist  and 
inventor,  noted  for  his  optical  researches 
and  his  investigations  in  connection  with 
eddy  currents  in  an  electromagnetic  field. 

Foneault  Losses* — Losses  of  electric 
energy  occurring  in  a  dynamo  or  motor 
because  of  Foucault  or  eddy  currents. 

Foundation. — ^The  base  upon  which  any- 
thing is  erected.  The  lowest  part  of  a 
building,  usually  below  the  street  leveL 


Foundation  Frame. — One  of  the  compo- 
nent parts  of  a  motor  or  dynamo,  consist- 
ing of  a  bed  plate  or  base  upon  which  the 
coils  are  erected,  and  having  arms  or  stand- 
ards which  carry  the  main  bearings. 

Foundation  Bin^. — ^In  d3mamo  armature 
construction  a  ring-shaped  core  upon  which 
are  placed  the  windings  of  armatures  of  the 
Gramme  ring  type;  usually  called  Gramme 
ring. 

Fountain*  Eleetric. — ^A  fountain  operated 
b  V  electricity,  and  illuminated  by  colored 
electric  lights. 

Fountain  Projector. — ^A  projector  for 
throwing  the  light  of  an  arc  lamp  into  an 
electric  fountain. 

Four  Conductor  Cord. — ^A  conductor 
c6rd  made  up  of  four  insulated  wires. 

Four  C^de. — ^In  0is  engines,  the  cycle  of 
operations  occupying /our  strokes  or  two 
comvlete  revolutions.  On  the  first  forward 
stroke,  an  explosive  mixture  of  gas  and  air 
is  brought  into  the  cylinder  by  suction,  and 
compressed  by  the  return  or  second  stroke. 

The  mixture  is  ignited  by  an  electric  spark  just 
before  the  completion  of  this  stroke.  The  result- 
ins  explosion  produces  a  high  pressure  within  the 
Slinder,  whicn  causes  the  imptUse  during  the 
lird  or  power  ttroke;  on  the  return  or  fourth 
stroke,  the  products  of  the  combustion  are  ex- 
hausted into  the  air,  completing  the  cycU. 

Foumeyron  Turbine.— ; A  radial  outward 
flow  water  wheel,  consisting  of  a  fixed 
wheel  with  guide  plates^  in  which  the  water 
acquires  a  rotary  motion  before  entering 
the  movable  wheel,  which  it  causes  to  ro- 
tate by  pressure  or  reaction  on  curved 
vanes.  The  turbine  rotates  in  a  horizon- 
tal plane  with  a  vertical  spindle. 

Four  Piece  Electromag^net. — An  eteo- 
tromagnet  built  up  of  four  pieces,  viz.: 
the  two  cores,  the  yoke  and  the  armature. 


Fqvt  Point  Striteh. 


175 


Franklin*9Kite. 


Four  Point  Switeh. — ^A  switch  provided 
with  four  electrical  contacts;  a  four  pole 
switch,  or  four  way  switch. 

Foiir  Pole  Dyiuuiio* — ^A  multipolar  dvna- 
mo  having  its  magnetic  field  generatea  by 
four  poles. 

Foiir  fitpeed  Rein^*^<>*** — ^  regulator 
providmg  for  four  different  rates  of  speed. 

Fonrili  Dimension. — ^A  term  used  in 
measurements;  an  extension  of  the  con- 
ception of  the  three  dimensions,  len^h, 
breadth  and  thickness.  The  calculations 
relating  to  the  fourth  dimension  belong 
exclusively  to  higher  mathematics  and  are 
based  upon  asBumptioiui  rather  than  direct  meas' 
urements.  Thuflt  It  ia  aasumed.  (1)  ^at  space  is 
extended  in  length,  breadth  and  liiickneea  with- 
out limits,  .also  witiiout  properties  dependent 
either  upon  position  or  direction,  (2)  that  this 
Bfukce  is  affected  with  such  curvature  that  a  liidit 
hne  shall  always  return  into  itself  at  the  end  ot  a 
finite  and  real  distance  without  losing  in  any  part 
of  its  course  that  symmetry  with  respect  to  space 
on  all  sides  of  it,  which  constitutes  the  fimda- 
mental  property  of  our  idea  of  it. 

Fourth  State  of  Matter. — ^A  condition  of 
matter  which  Sir  William  Crookes  in  his 
experiments  with  vacuimi  tubes  thought 
to  be  a  fourth  state,  and  which  he  desig- 
nated "radiant"  matter,  being  still  more 
diluted  than  in  the  gaseous  state.  This 
matter  is  now  thought  to  be  made  up  of  par- 
ticles known  as  electrons  which  are  about 
200,000  times  smaller  than  ordinary  atoms. 


Fear  Way  C(»ek. — ^A  cock  so 
that  water  or  liquids  ma^  be  diverted  into 
four  different  discharge  pipes. 

Fear  Way  SpUee  Bex* — ^In  underground 
cable  construction,  a  splice  box  furnished 
with  four  channels  or  ducts  for  lateral  con* 
nections. 

Fear  Wire  System. — ^A  system  of  electric 
distribution  based  upon  the  principle  of 
the  three  wire  system,  having  m  this  case 
four  conductors  leac&ig  from  three  dy- 
namos. 

Fear  Wire  Tran8mie0ion.^-The  four 
wire  system  of  electric  distribution. 

Fear  Wire  Twe  Phase  Cireait.— A  cir- 
cuit consisting  of  four  separate  wires  for 
the  transmission  of  two  phase  currents. 

Fraetional  Distillation* — A  process  of 
distillation  by  which  a  solution  containing 
a  mixture  of  liquids  having  different  boil- 


ing points  may  be  separated  into  its  con- 
stituents by  increasing  the  heat,  step  by 
step,  according  to  the  varying  aegreee  <» 
volatilization. 

Fraetional  Eleetrelysis* — Electrolysis 
of  one  substance  after  another  by  the  ap» 
plication  of  electromotive  force  in  increas- 
mg  proportions. 

Fraetare. — 1.  The  act  of  breaking  or  snap- 
ping asunder. 

2.  The  appearance  of  a  freshly  broken 
surface,  by  which  its  texture  is  displayed; 
as,  a  compact  fracture;  a  fibrous  fracture. 

Franklin,  Benjamin.— Bom  1706,  died 
1790.  An  American  scientist,  philosopher 
and  statesman.  He  demonstrated  the 
identity  of  lightning  with  electricity  by  his 
famous  kite  experiment  (1752),  and  as  a 
result  invented  the  lightning  rod;  observ- 
ing the  waste  of  heat  in  open  fire  places  he  de- 
vised the  Franklin  stove:  he  constructed  a  lamp 
which  anticipated  the  principle  of  the.  Arssnd 
burner;  he  improved  the  printing  press,  invented 
double  spectacles  and  made  many  other  inven- 
tions that  contributed  to  the  advancement  of 
mankind. 

Franklinie  Cnrrents. — Currents  generat- 
ed by  a  frictional  machine. 

Franklinie  Eleetrieity* — ^Frictional  or 
static  electricity  as  employed  in  electro- 
therapeutics. 

Franklin  Institute  Bjrstem  ef  Serew 
Threads* — ^The  Sdlers  standard  scale  of 
screw  threads,  in  which  the  characteristic 
is  that  the  angle  of  the  sides  is  60^,  and  i 
of  the  thread  is  flat  at  top  and  bottom; 
this  varies  from  the  Whitworth  scale,  in 
which  the  angle  is  65^,  and  |  of  the  thread 
is  rounded  at  top  and  bottom. 


Frankliniaatien   er   Frankliniem. — In 

electro-therapeutics,    the    application    of 
franklinie  or  frictional  electricity. 

Franklin's  Kite. — ^A  kite  by  which  Benja- 
min Franklin  established  the  identity  of 
lightning  and  electric  discharge.  In  1749. 
he  noticed  lightning  to  possess  almost  all 
the  properties  observable  in  electric  sparks, 
and  suggested  that  the  electric  action  of 
points,  which  'was  discovered  by  him»  mi^t  be 
tried  on  thunderclouds,  and  so  draw  from  them  a 
ohaige  of  electricity.  He  proposed*  therefore,  to 
fix  a  pointed  iron  rod  to  a  nigh  tower,  but  shortly 
after  succeeded  in  another  way.  He  sent  up  a 
kite  durins  the  paswing  of  a  stonn,  and  found  the 
wetted  stnng  to  conduct  electricity  to  the  earth, 
and  to  yield  abundance  of  sparks.  Tliese  he  drew 
from  a  Key  tied  to  the  string,  a  silk  ribbon  beint 
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interposed  between  his  hand  and  the  key  for 
safe^.  Leyden  Jan  oould  be  chaiged,  and  all 
other  electnoal  effects  pnxiuced,  by  the  sparla 
furnished  from  the  clouds.  Tlie  proof  oi  the 
identity  was  complete.  The  kite  experiment  was 
leiieated  bv  Romas,  who  drew  from  a  metallic 
string  sparlcs  9  feet  long.  In  1753,  Richmann, 
of  St.  FeteiBburs,  who  was  experimenting  with  a 
similar  apparatus,  was  struck  by  a  sudden  dis- 
chaxge  and  killed. 

Fpannhofer**  Lines. — A  large  number  of 
dark  lines  seen  in  the  spectrum  of  the  light 
of  the  sui^ 

Free  Charge. — ^The  state  of  electricity  up- 
on a  charged  conductor  when  isolated  from 
a  charge  of  opposite  sign. 

Free  Electrieity. — A  term  sometimes  ap- 
plied to  the  ordinary  state  of  electricity 
upon  a  charged  conductor,  as  distinguished 
from  a  bound  charge.  A  free  charge  will 
instantly  fldW  away  to  earth  if  a  conducting 
path  be  provided  for  it. 

Free  Ether. — ^The  ether  which  is  assumed 
to  occupy  all  the  great  spaces  of  the  uni- 
verse, as  distinguished  from  that  which  is 
conceived  to  exist  within  solid  bodies. 

Free  Insulated. — A  term  applied  to  a 
telegpiph  wire  that  has  been  disconnected 
and  insulated. 

Free  Magnetic  Pole. — A  pole  in  a  mag- 
netic substance  which  seems  to  exist  with- 
out reference  to  an  opposite  pole. 


Free  Maflnietism. — That  part  of  the  mag- 
netism S  a  magnetized  body  which  does 
not  follow  the  magnetic  circuit  through  the 
metal,  but  finds  a  path  from  the  surface  of 
the  magnet  through  the  air;  surface  mag- 
netizaiion. 

Free  Path. — ^The  path  of  a  molecule  of  a 
gas  in  which  it  does  not  come  into  contact 
with  other  molecules. 

Free  Vibrations. — ^Vibrations  performed 
by  an  elastic  body  after  the  vibrating  force 
has  been  removed. 

Freesin^  Point. — ^The  point  at  which  a 
liquid  tends  to  become  a  solid  by  loss  of 
beat.    The  freezing  point  of  water  is  32^  F. 

Frequency. — ^The  number  of  double  alter- 
nations or  periods  made  by  an  alternating 
electric  current  per  second;  periodicity. 

Frequency  Converter. — A  machine  for 
converting   from  an  alternating   current 


S3rstem  of  one  frequency  to  an  alternating 
current  system  of  another  frequency,  with 
or  without  a  change  in  the  number  of 
phases  or  in  voltages. 

Frequency  Meter. — In  electric  station 
practice,  a  special  switchboard  instrument 
which  indicates  the  frequency  and  power- 
factor  of  the  current.  It  operates  on  the 
Srinciple  of  the  production  of  a  rotary 
eld  oy  means  of  two  mechanically  dis- 
placed coils  carrying  electrically  displaced 
currents. 

Frequency  Setter. — A  dynamo  which 
furnishes  alternating  currents  of  fixed  fre- 
quency. 

Frequency  Teller. — A  contrivance  for  in- 
dicating the  frequency  of  an  alternating 
current.  • 

Friable. — Easily  reduced  to  powder;  liable 
to  crumble. 

Friction. — ^This  is  defined  by  Rankine  as 
"that  force  which  acts  between  two  bodies 
at  their  surface  of  contact  so  as  to  resist 
their  sliding  on  each  other,  and  which  de- 
pends on  the  force  with  which  the  bodies 

are  pressed  together.  Morin's  laws  of  fric- 
tion are  as  follows:  (1)  The  friction  between  two 
bodies  is  directly  proportional  to  the  pressure, 
that  is,  the  ccBfficient  is  constant  for  all  pressures. 
(2)  The  coefficient  and  amount  of  friction,  pres- 
sure being  the  same,  is  independent  of  the  areas 
in  contact.  (3)  The  ccefficient  of  friction  is  in- 
dependent of  velocity,  although  static  friction 
(friction  at  rest)  is  gieater  than  the  friction  of 
motion. 

Frictional  Electricity. — Electricity  gene- 
rated by  friction.  The  terms  frictional- 
electricity,  galvanic-electricity,  etc.,  though 
convenient  for  distinguishing  their  origin, 
have  no  longer  the  significance  formerly 
attributed  to  them  as  representing  different 
kinds  of  the  electric  force. 

Frictional  Electric  Machine. — An  ap- 
paratus, often  called  influence  machine,  for 
converting  mechanical  energy  into  elec- 
trical energy  for  experimental  purposes  by 
the  friction  of  a  glass  plate  rotating  be- 
tween leather  cushions.  Well  known  ma- 
chines of  this  class  are  the  Varley,  Holtz, 
Toepler  and  Wimshurst  machines. 

Frictional  Head. — In  hydraulics,  increase 
or  decrease  of  the  pressure  of  fluids  in  pip- 
ing due  to  their  friction  upon  the  sides 
thereof.  Thus,  in  forcing  water  through 
pipes,  the  friction  within  the  mains  aug- 
ments the  head  to  be  overcome  by  the 
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pumps,  while  tiie  friction  of  water  on  the  ^idee 
of  a  flume,  will,  to  a  certain  extent,  destroy  the 
head  of  water  available  for  power.  Abo  oalled 
dynamie  head. 

Friction*!  Loss* — In  an  engine  or  ma- 
chine, the  energQ^  dissipated  in  overcoming 
the  friction  or  internal  resistance  of  the 
mechanism. 

Frictional  Torque* — ^The  torque  required 
to  overcome  friction  and  produce  rotation 
in  an  armature. 

Friction  Geaj!*in|p« — Any  combination  of 
elements  used  to  transmit  power  or  motion 
by  frictional  contact.  Sometimes  used  in 
a  restricted  sense  for  friction  wheels  alone. 

Friction  Wheels* — ^Wheels  for  the  trans- 
mission of  power  by  frictional  contact; 
made  as  spur  wheels  and  pinions,  or  bevel 
and  mitre  wheels,  the  teeth  being  replaced 
either  by  compressed  paper  fillers,  leather 
or  other  lining,  or  plam  metallic  surfaces. 

Frin^  of  Mafirneiio  FielcL—The  dissi- 
pation of  free  lines  of  magnetic  flux  in 
regions  outside  of  the  magnetic  field  proper. 

Trog  Galvanoscope* — ^The  emplovment 

of  the  hind  legs  of  a  recently  killed  frog  to 

illustrate  the  presence  of  electricity.    The 

experiment  onginated  with  Galvani  in  1786 

who  discovered  that  when  the  muscles  of 

the  legs  touched  two  dissimilar  metals  in 
contact  with  each  other,  a  contraction  of  the 
muscles  took  place.  This  was  the  effect  of  the 
inductive  action  of  the  electricity  of  the  con- 
ductor upon  the  highly  electroecopic  orsans  of 
the  trogs;  but  Qalvani  was  not  sufficiently  con- 
versant with  this  branch  of  phjrsics  to  com- 
prehend it,  and  consequently  regarded  it  as  a 
new  phenomenon.  He  proceeded  to  submit  the 
limbs  of  frogs  to  a  course  of  experiments;  for  this 
purpose,  he  dissected  several  frogs,  separating  the 
i^:s,  thighs,  and  lower  part  of  the  spmal  column 
from  the  remainder  so  as  to  lay  bare  the  lumbar 
nerves.  He  then  passed  copper  hooks  through 
that  part  of  the  dorsal  column  which  remained 
above  the  junction  of  the  thighs,  without  any 
scientific  object,  but  merely  for  the  convenience 
of  suspending  them  until  required  for  experiment. 
It  chanced,  also,  that  he  suspended  these  conper 
hooks  upon  the  iron  bar  of  the  balcony  of  nis 
window,  when  to  his  inexpressible  astonishment, 
he  found  that  whenever  the  wind  or  any  other 
accidental  cause  brought  the  muscles  of  the  leg 
into  contact  with  the  iron  bar.  that  a  similar  con- 
vulsive kick  was  pxoduoed  in  the  frog's  leg. 

Front  End  of  Armainre* — ^The  end  of  a 
dynamo  or  motor  armat\u*e  upon  which 
the  commutator  is  mounted;  tne  oommu- 
tator  end. 

Front  Stop  of  Key* — A  stop  on  the  front 
of  a  telegraph  key  to  restrict  its  downward 
movement. 


Frost  Alarm. — An  alarm  which  rings  by 
an  electric  mechanism  when  the  tempera- 
ture falls  below  freezing. 

Frying  of  Arc* — ^The  peculiar  hissing 
sound  which  is  produced  when  the  carbons 
of  an  arc  lamp  are  too  near  each  other;  a 
hissing  or  noisy  arc. 

Fulcrum. — A  prop  or  support;  that  by 
which  a  lever  is  sustainecl  or  about  which 
it  turns  in  lifting  or  moving  a  body;  in  the 
operation  of  the  lever,  three  points  are  to 
be  considered,  viz.:  (1)  The  fulcnun  or 
point  about  which  the  bar  turns,  (2)  the 
point  where  the  force  is  applied,  and  (.3) 
the  point  where  the  weight  is  applied. 

Fulgurite* — ^A  tubular  mass  of  vitrified 
sand  supposed  to  be  produced  by  lightning 
entering  the  ground. 

Full  Arc* — ^A  term  sometimes  applied  to  an 
arc  lamp  of  2000  nominal  candle  power. 

Full  Battery. — In  quadruplex  telegraohy, 
^he  two  parts  of  the  batterv  introduced  to- 
gether to  produce  the  whole  power. 

Full  Contact* — A  fault  produced  in  a  cir- 
cuit by  the  accidental  metallic  contact  of 
any  part  of  it  with  a  good  conductor;  a 
total  contact. 

Fuller  Board. — A  fibrous  material  much 
harder  than  paper.  It  is  flexible  and  dur- 
able, and,  having  good  electrical  proper- 
ties, is  largely  used  in  insulating  the  coils 
of  electric  machines;  also  known  as  presS' 
pahn. 

Fuller  CelL — A  very  useful  type  of  cell 
adapted  to  telephone,  telegraph  or  other 
intermittent  work.  The  zinc  electrode  in 
the  shape  of  a  cone  is  cast  at  the  end  of  a 
soft  copper  wire  and  rests  at  the  bottom 
of  a  porous  cup  in  a  dilute  solution  of  sul- 
phuric acid.  It  is  amalgamated  by  mercury. 
The  carbon  electrode  is  in  the  outer  jar  in  a  solu- 
tion of  dectropoion  which  consists  of  three  parts 
bichromate  of  potash,  one  part  sulphuric  acia  and 
nine  parts  water. 

Fullering^. — ^The  caulking  of  a  steam  boiler 
by  a  round  nosed  tool,  caulking  being  ex- 
ecuted usually  by  a  8harf)er  instrument; 
the  washing  and  scouring  of  cloth;  as, 
with  fuller's  earth. 

Full  Lead. — ^The  greatest  load  which  an 
electric  machine  is  able  to  carry  efifectively. 

Full  Load  Current. — ^The  current  deliv- 
ered by  an  electric  source  at  its  maximum 
load. 
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Full  Load  EAeieney  of  Motor* — ^The 
efficiency  of  a  motor  when  ninniiig  under 
maximum  load. 


Full  lioad  E Aeieney  of  TraAsformer. 

— The  relation  of  the  electricitjr  delivered 
by  a  transformer,  to  that  received  by  it 
under  full  load  conditions. 

Full  Metallie  Contaet. — ^A  complete  elec- 
trical contact  of  conducting  metal. 

Fn  ndamental  Freqnene^* — In  complex 
harmonic  vibration,  the  lowest  frequency. 


Fundamental  Units* — Units  based  upon 
the  three  fundamental  qdantities,  lenathf 
mass  and  time.  In  the  C.  Q.  S.  system  thev 
are  the  centimeter ,  the  gram,  and  the  second, 
respectively. 

Funnel  Antenna. — ^In  wireless  telegraphy, 
an  arrangement  of  the  aerial  wires  m  a 
funnel  shaped  group  at  a  long  distance 
station  for  the  better  appropriation  of  pass- 
ing electric  impulses. 

Furnace. — ^In  a  steam  boiler,  that  part  de- 
signed for  the  burning  of  the  fuel.  The 
principal  parts  and  appendages  of  a  furnace 
are  as  follows:  (1)  Tke  furnace  proper  or 
firebox,  being  the  chamber  in  which  the 
solid  constituents  of  the  fuel  and  the  whole 
or  part  of  its  gaseous  constituents  are  consumed* 
(2)  the  oroU,  wnioh  is  composed  of  alternate  bars 
and  epaoes.  to  support  the  fuel  and  to  admit  the 
air.  (3)  the  dead  piato,  that  part  of  the  bottom  of 
the  furnace  which  consists  simply  of  an  iron  plate, 
(4)  the  motdh  piece,  through  which  the  fuel  ia  in- 
troduced and  often  some  air.  Hie  lower  side  of 
the  mouth  piece  is  the  dead  plate. 

Fumaee*  Eleetrie* — A  furnace  heated  by 
electricitjr  for  performing  difficult  or  unu- 
sual fusions,  especially  in  metallurgical 
processes.  Heat  is  obtained  from  the  vol- 
taic arc. 

Fuse. — A  strip  of  fusible  metel,  often  con- 
sisting of  lead  with  a  small  percentage  of 
tin,  introduced  into  an  electric  circuit  as  a 
protection  against  excessive  current.  When 
the  temperature  exceeds  a  certain  limit,  the 
fuse  "  blows  "  and  opens  the  circuit.  Fuses 
should  be  placed  wherever  the  siae  of  wire  chan^ 
or  wherever  there  is  a  branch  of  smaller  sise  wtre 
coimeoted,  unless  the  next  fun  on  the  main  or 


larger  wire  is  small  enough  to  protect  the  branch 
or  small  wire,  but  more  lights  msy  be  added  on 
the  large  wire,  making  it  neoessaiy  to  put  in  a 
larger.  Experiments  have  shown  that  for  large 
fuses,  m  multiple  fuse  is  more  sensitive  than  a 
single  one.  A  one  hundred  ampere  fuse  may  be 
made  by  taking  four  wires  of  twenty-five  amperes 
capacity.  A  fuse  block  may  be  overloaded,  not 
because  the  metal  of  the  tenninab  is  not  ci  suffi- 
cient cross-section  to  carry  the  current,  but  be- 
cause of  insufficient  area  of,  or  loose  contact  of, 
fuse,  or  wires,  and  this  heating  is  veiy  frequently 
the  cause  of  fuses  melting. 

Fnse  Alloy. — An  alloy  of  lead  with  a  small 
percentage  of  tin,  used  for  electric  safety 
ruses  because  it  readily  melts  under  the 
heat  of  an  electric  current  when  the  current 
becomes  too  strong  for  the  safety  of  the 
circuit. 

Fage  Blook« — ^A  block  of  porcelain  or  other 
non-conducting  material  upon  which  one 
or  more  safety  fuses  are  mounted. 

Foso  Board. — A  slab  of  slate  upon  which 
safety  fuses  are  mounted. 

Fage  Ltnkg. — Links  of  fusible  material  de- 
signed for  safety  fuses. 


panel  upon  which  fuses 


are  mounted. 


Fase  Wires. — Fusible  material  in  various 
forms  for  use  as  safety  fuses. 

Fusible  Alloy. — An  alloy  which  will  melt 
at  a  comparatively  low  temperature,  em- 
ploved  for  safety  fuses  in  electric  circuito 
and  for  the  filling  of  safety  plugs  in  boilers. 
An  alloy  of  one  part  tin,  two  of  bismuth 
and  one  of  lead  will  fuse  at  100^  C. 

Foflible  Arrester, — ^A  safety  fuse. 

Fusible  Pluff. — ^In  steam  engineering,  a 
piece  of  easily  melted  alloy,  placed  in  one 
of  the  sheets  of  a  steam  bouer  and  intended 
to  melt  and  allow  the  blowing  off  of  the 
steam  in  case  of  low  water. 

Fusible  Protector. — ^A  safety  fuse  em- 
ployed as  a  line  protector. 

Tuaing  Current. — The  current  required  to 
melt  a  safety  fuse. 


S.— 1.  A  iigul  in  talepaphy 
for  "go  ahead." 

2.  An  abbreviation  for 
mm,  the  unit  of  maM  In  the 
Centnneter  Gram  Second  (yi- 


Galn. — A  broad  not«h  cut  into  a  telegraph 
pole  to  aooommodate  the  eroea  anna;  also  a 
Bteel  channel  sometimes  employed  [or  the 
same  purpoae  to  save  cutting  tlie  pcje. 

Oftln  Plata  of  VoltMnatcr.— The  pkt« 
in  a  metal  voltameter  at  the  cathode,  and 
hence  the  one  on  which  the  metal  dissolved 
from  the  anode  is  deposited,  increasing  ita 
weight. 

Qwilena, — A  bluish 

moat  of  the  lead  „ , 

native  sulphide  of  lead;  lued  in  the  form 
of  a  powder  to  glaze  pottery. 

OalTaal,  LalcL— Born  1737,  died  1798. 
An  Italian  physician  and  physiologist  noted 
aa  the  disoov^er  of  ^vaoio  or  ourrent 


rith  dissimikr  metals  which  eaused  mua- 
niUr  utioo  Id  thno.  Oalnni  thouctat  thst  ha 
hid  diUDovBnd  clectrieity  in  aolnul  matter. 
Volts  Bttrlbutud  the  action  to  tha  mgtaUIn  oon- 
lut  uui  IlwrauDon  oonatruaM  bla  voltaic  pile. 


OahraBle  Adapter. — A  device  for  deriv- 
ing from  an  electric  light  circuit  weak  con- 
tinuous currents  adapted  for  use  in  medical 
treatment. 


Oalvanlo  Cablaet. — A  wooden  case  con- 
taining a  voltaic  battery  and  a  complete 
outfit  for  the  medical  apphcation  of  ejeo- 

OalTanle  0»at«i7. — A  method  of  searing 
the  fleefa  in  medical  treatment  by  the  heat 
of  an  electric  current;  an  sleotnc  cautery. 


Oalmiiaud  Iron  Wire. 


Oalvanla  OalL — A  name 
Bometimee  given  to  a  primary 
or  voltaic  cell. 


Oalvanifi  Coaple.— Two  dis- 
similar metals  associated  to- 
gether as  elemente  in  an  elec- 
trolytic cell  for  the  generation 
of  electricity,  aa  zinc  and  carbon  electrodea 
of  a  primary  cell;  a  voltaic  couple. 


irical  treatment  administered  to  a  patient. 


Oalvanlc  Exeltabllitr.— In  electro-ther- 
apeutics, the  electric  excitability  of  nerve 
or  muscular  tissue. 

Galvanic  Fluid. — An  early  name  for  the 
electric  current,  given  in  honor  of  Galvani 
who  discovered  current  electricity  in  1786 
as  the  result  of  his  famous  experiments 
with  the  legs  of  a  frog. 


Oalvanle  Pile.— A  name  sometimes  given 
to  the  apparatus  devised  by  Volta  for  gen- 
erating electricity  and  usually  known  as 
the  voUaic  piU.  It  consists  of  a  series  of 
pairs  of  discs  of  zinc  and  copper  in  contact. 
each  pair  being  separated  by  a  piece  of 


Oalvanla  Polarisation. — An  occasional 
term  for  the  polarization  of  a  voltaic  cell. 

Galvanic  Taste. — A  peculiar  taste  notice- 
able when  two  wires  from  a  voltaic  cell  are 
touched  by  the  tongue. 


Galvano. 
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coated  with  zinc,  to  prevent  rust.  Gal- 
vanizing is  not  an  electrical  process  as  its 
name  implies  but  consists  simply  of  dipping 
the  iron  mto  melted  zinc. 

Galvano* — ^An  occasional  term  for  electro, 
as  abbreviated  from  the  word  electrotype. 

Galvano-eanstic  Loop* — An  electric  cau- 
terjr  consisting  of  a  loop  of  platinum  wire 
which ,  when  brought  to  a  white  heat  by  an 

'  electric  current,  is  drawn  through  the  parts 
to  be  surgically  treated. 

Galvano-cantery    or   Canstry.  —  The 

surgical  treatment  of  the  human  body  such 
that  parts  are  seared  by  the  heat  of  a  plati- 
num wire  made  white  hot  by  a  current  of 
electricity. 

Galvano-faradUation* — Tn  electro-ther- 
apeutics, the  simultaneous  application  of 
voltaic  and  faradic  currents. 

Galvanometer* — An  instrument  for  indi- 
cating the  presence  of  an  electric  current 
in  a  circuit,  and  determining  its  direction, 
strength  and  pressure,  by  measuring  the 
electromagnetic  effect  of  the  current.  Its 
principle  is  that  a  magnetic  needle  is  deflect- 
ed when  influenced  by  an  electromagnetic  field, 
and  a  simple  galvanometer  consists  essentially  of 
a  magnetic  needle  suspended  within  a  coil  of  wire 
and  free  to  swing  over  the  face  of  a  graduated 
dial.  The  action  of  the  currbnt  was  discovered 
by  Oersted. 

Galvanometer  Constant. — ^The  strength 
of  the  field  produced  at  the  center  of  a  gal- 
vanometer coil  by  the  unit  of  current. 

Galvanometer  Shunt* — A  known  resist- 
ance connected  across  the  terminals  of  a 
galvanometer  in  parallel  with  the  coils,  for 
the  purpose  of  furnishing  to  the  instrument 
a  current  proportional  to  the  line  current 
in  a  certain  ratio. 

Galvanometer  Switch* — ^A  switch  for  a 
dynamo  galvanometer. 

Galvanometer  Voltmeter* — A  galva- 
nometer designed  to  measure  differences 
of  potential. 

Galvanometry. — ^The  use  of  a  salvanom- 
eter  in  the  measurement  of  current 
strength. 

Galvano-plastie  Adhesion* — Adhesion 
between  two  surfaces  produced  by  a  gal- 
vano-plastic  deposit. 


Galvano-plastie  Bath* — ^A  name  former- 
ly given  to  the  solution  employed  in  the 
preparation  of  electrotype  plates.  It  con- 
sists of  an  8  to  10  per  cent,  solution  of 
sulphuric  acid  in  water,  in  which  copper 
sulphate  is  dissolved  until  saturatea  at 
ordinary  temperatures;  an  dectro-baih, 

Galvano-plastie  Matrix* — ^A  name  for- 
merly given  to  the  mould  employed  in  elec- 
trotyping. 

Galvano-plastics* — A  general  term  for- 
merlv  applied  to  the  deposition  of  metals 
by  electrolysis,  especially  in  electrotyping. 

Galvano-plastie  Solderin|p* — Soldering 
by  an  electrolytic  deposit. 

Galvanoplasty* — In  a  restricted  sense, 
the  term  applies  to  the  production,  by  the 
aid  of  electrolysis,  of  copies  of  various  arti- 
cles true  to  nature,  and  of  such  thickness  as 
to  form  a  resisting  body  which  may  be 
removed  from  the  object  serving  as  a  mould. 
The  term  is  sometimes  used  broadly  for 
electrotyping. 

Galvanoscope* — A  simple  type  of  galva- 
nometer which  serves  merely  to  show  the 
presence  of  an  electric  current  without 
measuring  its  strength.  It  is  an  indicator 
of  currents  where  the  movement  of  the 
needle  shows  the  direction  of  the' current, 
and  indicates  whether  it  is  a  strong  or  a  weak 
one.  When  the  value  of  the  reading  has  been 
determined  by  experiment  or  calculatioo  any  gal- 
vanoscope becomes  a  galvanometer. 

Galvanoscopic  Fro^. — ^The  hind  legs  of 
a  freshly  killed  frog,  which,  when  properly 
prepared,  can  serve  as  a  delicate  galvano- 
scope. 

Galvano-therapeuties* — ^A  name  some- 
times given  to  electro-therapeutics,  the 
science  and  practice  of  the  medical  appli- 
cations of  electricity. 

Galvanotonns* — ^The  state  of^  muscular 
contraction  produced  by  excessive  electric 
stimulation. 

Galvanotropism* — ^Movements  in  growing 
organisms  caused  by  the  passing  of  an  elec- 
tric current  through  them. 


Gamma  Ra^s* — One  of  the  three  different 
types  of  radiation  emitted  from  radio-active 
suDstances.  Gamma  rays  liave  the  follow- 
ing characteristics:  they  are  not  deviated 
by  a  magnetic  field;  they  have  far  greater 
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power  of  penetrating  matter  than  the  alpha 
or  beta  rays;  they  always  accompany  beta 
rays,  and,  according  to  a  recent  theory  they 
may  be  regarded  as  X-rays  of  a  very  pene- 
trating kind. 

Gantry  Crane. — In  machinery,  an  over- 
head traveling  crane  carried  on  trussed 
beams  or  girders;  as,  in  the  erecting  de- 
partment of  a  machine  shop. 

Gap  Space. — 1.  An  air  gap  in  a  magnetic 
circuit. 

2.  In  ignition,  a  break  in  the  secondary 
circuit  between  the  points  of  the  spark 
plug;  the  air  gap. 

Gap  Wire  Gaug^e.— A  wire  gauge  in  which 
gaps  of  various  sizes  are  left  in  the  rim  of  a 
metal  disc  into  which  wire  may  be  fitted 
for  measurement. 

Gas.— j-That  fluid  form  of  matter  which  is 
elastic  and  tends  to  expand  indefinitely.  A 
term  used  at  first  by  chemists  as  synony- 
mous with  air,  but  since  restricted  to  fluids 
supposed  to  be  permanently  elastic;  as, 
oxygen,  hydrogen,  etc.,  in  distinction  from 
vapors,  as  steam,  which  become  liquid  on 
a  reduction  of  temperature. 

Gas  Battery* — ^A  battery  made  up  of  gas 
cells. 

Gas  Burner,  Electric. — A  gas  burner 
which  may  be  lighted  by  an  electric  spark. 

Gas  CelL — A  voltaic  cell  in  which  platinum 
electrodes  in  contact  with  hydrogen  and 
oxygen,  take  the  place  of  the  usual  zinc  and 
copper  plates. 

Gaseous. — Partaking  of  the  nature  of  gas; 
that  is,  possessing  no  natural  boundaries 
or  form,  but  accommodating  itself  to  the 
shape  of  the  vessel  containing  it,  and  ex- 
panding to  the  dimensions  of  any  space, 
no  matter  how  great. 

Gas  Jet  Photometer. — A  photometer  m 
which  a  jet  of  gas  of  given  height,  under 
certain  conditions,  serves  as  a  standard  of 
illumination. 

Chbsket. — 1.  The  plaited  hemp  used  for 
packing  a  piston;  as,  of  a  pump  or  the  stufl- 
mg  box  of  an  engine. 

2.  Any  ring  or  washer  of  packing. 

3.  A  thin  sheet  used  in  making  joints. 

Gas  Li^htin^,  Electric. — Lighting  gas 
jets  by  electncity. 


Gas  Li^htin^  Torch. — ^A  portable  device 
for  producing  an  electric  spark  for  lighting 
gas  jets. 

Gasoline. — A  volatile  distillate  from  crude 
petroleum,  largely  used  as  a  fuel  in  internal 
combustion  engines.  The  boiling  point  of 
gasoline  ranges  from  120°  to  250°  F.,  with 
an  average  ranpe  between  149°  and  194°  F. 
Its  vapor  is  3.05  times  as  heavy  as  air,  and  its  calo- 
rific power  is  between  18,000  and  20,000  B.  T.  U. 
Gasoline  is  a  compound  of  several  spirits  of  vary- 
ing density  and  gravity,  being  a  volatile  essence 
distilled  from  petroleum  oil.  When  used  sa  a  fuel 
for  internal  combustion  engines  it  should  have  a 
specific  gravity  oi  about  .682,  or  76*^8.  Some 
English  authorities  recommend  spirit  having  a 
specific  gravity  of  from  .72  to  .74,  or  between  65^ 
and  59*^B,  virtually  what  is  known  in  the  United 
States  as  high-gmde  bensine.  Hydrocarbon  spirits 
of  lower  dei^rees  on  the  Baume  scale  become  in- 
creasingly difficult  to  vaporise. 

Gasoline  En^^e  or  Motor. — An  inter- 
nal combustion  engine  in  which  is  utilized 
the  energy  contained  in  an  air,  charged  in 
a  cold  state  with  the  vapor  of  gasoline,  the 
gasoline  fuel  being  vaporized  in  a  device 

called  a  carburetter  before  it  enters  the 
cylinder.  The  usual  gasoline  engines  applied  to 
automobiles  are  four-cycle.  In  stationery  prac- 
tice, gasoline  engines  are  in  use  for  driving  elec- 
tric generators,  power  pumps,  etc. 

Gas  Pliers. — Strong  pliers  with  curved  ser- 
rated jaws  by  means  of  which  a  gas  pipe 
can  be  held.  The  jaws  are  made  to  a  dou- 
ble or  treble  curve  to  suit  various  sizes  of 
pipe  and  a  burner  nipple,  while  one  handle 
IS  formed  as  a  screw  driver  and  the  other 
as  a  claw. 

Gas  Polarisation. — ^The  effect  produced 
upon  a  voltaic  cell  by  the  collection  of 
bubbles  of  hydrogen  gas  upon  the'  copper 
plate. 

Gas  Prodncer. — ^A  form  of  furnace  charged 
with  coke  and  other  carbonaceous  fuel 
through  which  air  and  steam  is  blown  form- 
ing a  mixture  of  hydrogen,  oxygen,  carbon 
monoxide  and  certain  non- combustible 
gases,  which  combination  is*  known  as  pro- 
ducer gas.  This  gas  is  an  economical  fuel, 
and  after  purification  can  be  used  to  drive 
gas  engines. 

Gassing. — ^The  evolving  of  gas  from  the 
plates  of  a  storage  battery,  due  to  too  great 
strength  of  the  charging  current. 

Gassiot*s  Cascade. — A  peculiar  effect 
produced  by  placing  a  goblet,  having  part  of 
its  interior  surface  lined  with  tinfoil,  into  an 
air  pump  receiver.  A  wire  is  inserted  from 
the  top  of  the  receiver  and  projected  into 
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the  glass  without  touching  the  foil.    When 

a  partial  vacuum  is  maintained  by  the  pump  and 
a  high  tension  electrio  current  disoharBed  between 
the  wire  and  the  metal  of  the  air  pump,  a  luminous 
effect  is  produced,  as  if  paU  Inue  eUctriciiy  was 
overflowing  the  goblet. 

Oftstroseope*  Eleetrie* — ^An  apparatus 
for  illuminating  the  human  stomacn  by  an 
incandescent  lamp,  and  pennitting  a  medi- 
cal examination  by  prism  reflections. 

Oate  Valve. — ^A  sluice  valve;  one  having 
two  inclined  seats  between  which  the  valve 
wedges  down  in  closing,  the  passage 
through  the  valve  being  in  an  uninter- 
rupted line  from  one  end  to  the  other, 
while  the  valve,  when  opened,  is  drawn 
up  into  a  dome  or  recess,  thus  leaving  a 
straight  passage  the  full  diameter  of  the 
pipe. 

Gas  Voltmeter. — ^A  device  for  measuring 
the  strength  of  an  electric  current  by  deter- 
mining the  volume  of  gas  evolved  by  the 
electroljrsis  which  the  current  produces  in 
a  solution  through  which  it  is  caused  to 
pass. 

Oaufl^e. — A  measure;  a  standard  of  meas- 
urement; an  instrument  to  determine  di- 
mensions or  capacity. 

Oang^t  Electric. — A  name  sometimes  ap- 
plied to  any  simple  portable  galvanometer 
such  as  those  suitable  for  ordinary  testing 
work. 

Oau^fe  Preflflure. — ^The  tension  of  a  fluid 
as  registered  upon  a  pressure  gauge,  to 
which  14.7  lbs.,  or  the  weight  of  the  at- 
mosphere, must  be  added  in  order  to  ascer- 
tain the  absolute  or  true  pressure. 

Ckhuee. — ^The  unit  of  intensity  of  a  magnetic 
field. 

Oaneea^.— 7The  value  of  a  magnetic  flux 
density  expressed  in  gausses. 

Ckhues,  Karl  Friedrich.~Bom  1777, 
died  1855.  A  German  mathematician; 
founder  of  the  mathematical  theory  of 
electricity,  and  inventor  of  the  bifilar  mag- 
netometer (1835). 

Oauae  Bruehes. — Commutator  brushes 
made  up  of  copper  gauze  folded  several 
times  so  as  to  form  a  solid  flat  strip,  the 
thickness  increasing  with  the  volume  of 
current  to  be  collected. 


Gear  Olnteh  Arc  Lamp. — An  arc  lamp 
provided  with  a  gear  clutch  for  regulating 
the  feeding  of  the  carbon  into  the  arc. 

CfrearleMi  Oar  Motor. — ^A  motor  which 
may  be  applied  directly  to  the  axle  of  a  car 
wheel  without  the  use  ol  gearing  to  reg- 
ulate the  speed. 

C(ear  WheeL— A  toothed  wheel;  a  oog 
whe^ 

OelMler,  Heiariclu-^Bom  1814,  died 
1879.  A  German  maker  of  chemical  and 
physical  apparatus;  inventor  of  the  so- 
called  Geissler  tubes  (1854). 

Oeisfller  Mereorlal  Piiatp. — A  form  of 
air  pump  used  in  exhausting  incandescent 
lamp  bulbs,  which  produces  the  vacuum 
bv  the  suction  of  mercury  drawn  through 
glass  tubes. 

Oeiflfller  Tnbee. — ^Tubes  of  thin  glass  blown 

into  a  great  variety  of  shapes,  generally 

consisting  of  two  bulbs  joinea  by  a  slender 

spiral  or  twisted  tube.    They  are  provided 

with  platinum  electrodes  which  are  fused 

into  tne  glass  after  a  partial  vacuum  has 
been  fonned  by  an  air  pump,  so  that  by  the 
passage  of  an  electrio  dischaige  through  them 
under  different  conditions  a  gfeat  variety  of 
lumiDOdS  phenomena  mayl>e  observed.  The  color 
of  the  light  depends  upon  the  kind  of  glass  and 
upon  the  na  enclosed.  Oeissler  tubes  are  some- 
tunes  maae  in  beautiful  designs.  The  incandes- 
cent lamp  is  the  most  oommon  form  of  the  Oeiss- 
ler tube. 

Gem  Lamp. — A  name  sometimes  given  to 
the  "  metalized  "  or  "  graphitized  "  filament 
incandescent  lamp. 

General  Faradlaatioii* — ^In  electro-ther- 
apeutics, the  application  of  faradic  currents 
in  such  a  degree  as  to  affect  the  entire  body. 

General  GalTaniaation. — ^In  electro-ther- 
apeutics, the  appUcation  of  the  electric 
current  to  such  an  extent  as  to  affect  the 
entire  body. 

General  Ufanager^ — ^The  administrative 
head  of  a  corporation  or  large  firm;  the 
chief  executive  employe,  whose  duty  it  is 
to  initiate  and  mamtain  policies  and  the 
broad  lines  of  administration.  The  gen- 
eral manager  has  charge  of  all  the  depart- 
ments. 

Generate. — ^To  produce,  especially  by  a 
vital  or  chemical  process;  as,  the  genera- 
tion of  electricity. 


Generating  Station, 
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6«neraiiiiir  Stoiioii* — ^In  an  deetrio  qrs- 
tem,  the  power  plant  or  central  station 
containing  the  engines,  boilers,  dynamos, 
etc.,  for  generating  electric  power. 

QmamnMng  Burlkee. — 1.  In  steam  engi- 
neering, the  entire  superficies  of  a  steam 
boiler  exposed  to  the  name  and  incandes- 
cent gases  on  the  one  side,  and  to  the  water 
upon  the  other.  Usually  called  headng  tut' 
face. 

2.  In  smelting  and  founding,  the  total 
area  of  the  brick  partiticm  in  regenerative 
furnaces,  etc. 

C^eneraior. — ^A  general  name  given  to  a 
machine  for  the  transfoi  jiiation  of  mechan- 
ical into  electrical  energy.  The  expression 
dynamo  f  is  used  to  denote  any  electric  gene- 
rator, with  the  exception  of  the  maffneto. 
To  distinguish  the  different  types,  the 
terms  d.  c.  generator,  a,  c,  generator  or  aiter- 
natoTj  motor  generator  set,  etc.,  are  applied. 

Oeneraior  Ammeter. — ^An  ammeter  for 
measuring  the  current  delivered  by  a  dy- 
namo. 

Generator  Bus  Bars* — ^The  bus  bars 
which  receive  the  current  from  the  entire 
group  of  dynamos  in  a  central  lighting  or 
power  station. 

Oenerator  Panels  of  Switehboard. — 

The  panels  of  the  switchboard  in  a  central 
lightmg  or  power  station  to  which  the  bus 
bars  are  connected  and  upon  which  the 
voltmeters,  ammeters  and  switches  are 
mounted. 

Oenerator  Bwitch. — A  switch  by  which  a 
dynamo  may  be  connected  with,  or  dis- 
connected from,  the  bus  bars. 

Generator  Unit. — One  of  a  group  of  dy- 
namos in  a  central  station. 

Generator  Voltmeter. — A  voltmeter  for 
measuring  the  electric  pressure  of  a 
dynamo. 

Geomantie  Linee  of  Foree. — ^The  lines 
of  force  of  the  earth's  magnetism. 

German  Candle* — A  standard  of  photo- 
metric measurement  employed  in  Germany. 
It  is  a  paraffin  candle  burning  with  a  flame 
of  50  millimeters  (1.98  inches)  height. 

Germanium* — A  metal  of  gray  white  color 
and  fine  metallic  luster.  It  melts  at 
1562*^  F. 


Bilver* — ^An  alloy  having  compar- 
ativeljr  low  conductivity,  composed  of  cop- 
per, zmc  and  nickel  in  varying  proportions, 
used  in  making  resistance  coils;  sometimes 
called  nickel  silver.  It  consists  of  an  allo^r  of 
copper  two  Pj^rts,  nickel  one  part,  and  zinc 
one  part.  The  variation  of  its  resistance 
with  change  of  temperature  is  very  small. 

Glib* — ^An  abbreviation  for  the  gilbert. 

Gilbert* — The  practical  unit  of  magneto- 
motive force,  eauivalent  to  the  magneto- 
motive force  ijl  0.7958  ampere  turn. 

GUbert,  WilUam.— Bom  1540,  died  1603. 
An  En^^lish  physicist,  noted  for  his  experi- 
ments m  magnetism,  and  for  the  publica- 
tion in  1600  of  his  chief  work  **  De  Magnete  " 
which  marked  an  epoch  in  the  science  of 
magnetism,  and  earned  for  its  author  the 
title  of  the  ''founder  of  the  sdenoe  of  magnetism 
and  eleotrioity.*'  HUi  work  led  to  further  study 
by  other  phiwaophen  who  discovered  other  elec- 
tric and  magnetic  truths.  Gilbert  dispoe^d  of  a 
number  of  false  ideas  connected  with  electric  and 
magnetic  phenomena.  He  made  valuable  in* 
▼estiffitions  on  the  nature  and  properties  of  mag' 
netie  poles  and  showed  that  many  other  sub- 
stances besides  amber  become  electrified  by 
rubbing. 

CHlder'a  Wax* — A  fatty,  solid  substance 
which  is  used  by  gilders,  to  cover  those 
parts  of  an  object  which  are  not  intended 
to  be  gilded. 

Gildiacf* — ^Depositing  a  layer  of  gold  by 
electroplating,  or  overlaying  with  gold  leaf 
or  powder  by  hand. 

Gildinfff  Eleetric*-^Depositing  a  layer  of 
gold  by  electroplating.  The  electric  cur- 
rent passing  from  a  plate  of  pure  gold 
through  a  bath  of  cyamde  of  gold  in  which 
the  articles  to  be  plated  are  suspended. 

Gilt  Plumbai^* — Powdered  graphite 
which  has  been  electro-gilded  to  increase 
its  conducting  power,  so  that  it  mav  be 
used  to  advantage  in  dusting  the  surfaces 
of  wax  or  paper  pulp  moulds  in  electrotyp- 
ing,  to  render  them  conducting  for  the  de- 
position of  copper. 

Gimbals* — ^A  method  of  suspension  for  se- 
curing free  motion  to  a  compass  or  chro- 
nometer on  shipboard,  so  that  it  shall 
always  preserve  a  horizontal  position. 
Gimbals  usually  consist  of  a  pair  of  rings 
moving  on  pivots  in  such  a  way  as  to  have 
free  motion  in  two  directions  at  right 
angles,  so  as  to  neutralize  the  motion  of 
the  vessel. 


Gimlet. 
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Qimlet. — ^In  wiring,  a  screw  pointed  tool  ; 
used  for  boring  holes  in  wood. 

Gin  Pole* — [From  gin,  a  contraction  of 
engine.']  A  contrivance  for  raising  or 
moving  heavy  weights,  consisting  of  a 
strong  pole  with  four  ropes  fastened  at  the 
top  end  to  guide  it,  and  also  a  block  and 
fall  fastened  on  the  top  of  the  pole.  Gen- 
erally a  small  cross  piece,  about  8  or  10 
inches  down  from  the  top,  is  nailed  on  to 
hold  guide  lines  and  hoistmg  tackle. 

Girder. — 1.  In  building,  a  principal  beam, 
spanning  from  wall  to  wall  of  a  building, 
anording  support  for  the  binding  joists, 
to  which  floor  and  ceiling  joists  are  con- 
nected. 

2.  In  eni^eering*  a  beam  of  iron  or  steel, 
either  cast  or  rolled  as  one  piece,  or  else  built 
up  out  of  plates  and  sections  of  mild  steel.  The 
latter  method  is  the  more  usual  and  is  what  is 
generally  understood  by  the  term. 

3.  In  carpentry,  a  flitch  beam,  or  one  of 
seMBral  planks  secured  together,  side  by  side. 

Girder  Armature. — An  early  form  of  Sie- 
men's  armature  having  a  core  resembling 
the  letter  H. 

Girder  Sections. — Rolled  joists  and  gird- 
ers of  H  or  I  form  or  similar  sections,  for 
use  as  girders. 

Girder  Stays. — In  boiler  setting,  the  stays 
of  girder  form  supporting  the  crown  of  a 
combustion  chamber. 

Girth. — The  circumference  of  anything. 

Girth  Seams. — ^The  scams  which  pass 
around  the  body  of  the  boiler,  commonly 
known  as  circumferential  seams. 

Gland. — ^The  sliding  bushing  which  holds 
the  packing  in  a  stuffing  box;  it  is  usually 
adjusted  by  bolts  and  nuts.  Sometimes 
called  a  follower. 

Glass. — A  hard,  brittle,  usually  transparent 
substance  made  by  melting  together  sand 
or  silica  with  lime,  potash,  soda  or  lead 
oxide.  Different  qualities  of  glass  such 
as  flint,  crown,  plate  or  bottle  are  made  by 
varying  the  proportions. 

Glass  Fuse. — A  fuse  enclosed  within  a 
glass  tube. 

Glass  Insulator. — A  line  wire  insulator 
made  of  glass.  A  glass  insulator  is  cheaper 
than  porcelain,  and  owing  to  its  transpar- 
ency can  be  more  easily  examined,  but 
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glass  is  less  strong  both  mechanically  and 
electrically,  and  more  apt  to  collect  a  film 
of  moisture,  and  so  for  high  tension  trans- 
mission, porcelain  is  almost  exclusively 
employed. 

Glass  Screw  Insulator. — ^A  glass  insula- 
tor for  overhead  wiring,  designed  to  screw 
down  upon  wooden  pins;  the  ordinary 
line  wire  insulator. 

Glase. — A  gloss  or  smooth  transparent  sur- 
face applied  to  porcelain,  as  in  the  manu- 
facture of  insulators  for  high  tension  cir- 
cuits. It  is  generally  composed  of  an 
admixture  of  alkalies  with  sihca,  Ume,  and 
often  oxide  or  carbonate  of  lead. 

Globe  Holder  for  Are  Lamp. — A  sup- 
port for  an  arc  lamp  globe. 

Globe  Net  for  Arc  Lamp. — Wire  netting 
surrounding  the  globe  of  an  arc  lamp. 

Globe  Strain  Insulator. — A  form  of  in- 
sulator emploved  in  strain,  or  pull-over 
wires  in  a  trolley  line,  consisting  of  a  pair 
of  interlocking  rings  which  are  kept  insu- 
lated from  each  other  by  means  of  an  insu- 
lating ball  or  globe  in  which  they  are 
embedded;  a  spherical  strain  insulator. 

Globular  Lic^hting^. — A  very  rare  form  of 
lighting  appearing  as  a  ball  of  fire  which 
at  first  floats  silently  in  the  air  and  then 
bursts  with  a  loud  explosion. 

Globular  Spark. — ^A  discharge  resembling 
globular  lighting  sometimes  produced  by 
an  electrical  apparatus. 

Gloves. — In  electric  repair  work,  rubber 
gloves  are  used  to  prevent  the  frequent 
and  often  fatal  accidents  occurring  to  line- 
men from  shock  while  handling  electric 
light  wires  or  other  wires  in  contact  with 
the  same,  and  also  the  dangers  of  line  work 
from  lightning  in  stormy  weather.  Gloves 
are  also  useful  in  handling  the  acids  of 
batteries. 

Glow. — White  or  red  heat;  to  give  forth 
vivid  light  and  heat. 

Glow  Discharge* — A  variety  of  conveo- 
tivc  discharge  seen  at  the  tip  of  a  pointed 
conductor. 

Glower. — In  the  Nemst  lamp,  the  pencil  of 
refractory  oxides  which  becomes  incandes- 
cent upon  the  passage  of  the  electric  cur- 
rent. 


Glow  lUumination. 


185 


O.P. 


Qlow  lUumiiiatioii* — 1.  Light  unaccom- 
panied by  heat,  as  the  glow  of  a  fire  fly. 
2.  Incandescent  lighting. 

Glowing^  of  Eleetrie  Oondnetor* — ^The 
radiation  of  light  from  a  conductor  due  to 
intense  electrical  heating. 

Gloir  Lamp. — An  incandescent  lamp. 

Glncinnm. — A  rare  metallic  element  of  a 
white  color,  resembling  irmgnftHinTn  in  its 
properties. 

Okie. — Gelatine  in  an  impure  form  obtained 
from  animal  refuse  such  as  skin,  bones,  etc. 
The  best  quality  of  glue  is  insoluble  in  cold 
water,  but  absorbs  a  quantity  when  im- 
mersed. The  various  processes  of  making 
glue  consist  of  digesting  hides  or  bones, 
clarif^g  the  gelatinous  liquor  and  run- 
ning it  mto  moulds. 

Olne  Pot.  Eleetrie. — A  glue  pot  provided 
with  an  electrical  heating  arrangement. 

01yplio|p*»pliy« — An  electrotype  process 
bv  which  a  copjr  of  an  en^^ved  plate  is 
obtained  in  a  rehef ,  so  that  it  may  be  used 
in  letter  press  printing. 

Q.  H.  B« — ^An  abbreviation  for  the  English 
term:  Good  merchantable  brands.  The 
fair  average  quality  of  copper  ingots  as 
quoted  in  the  metal  market,  etc. 

Q.  H*  D. — Abbreviation  for  geometrical 
mean  distance. 

G.  H*  T. — ^Abbreviation  for  Greenwich  mean 
time. 

Gneiss. — A  cr3^stalline  or  igneous  rock,  con- 
sisting, like  granite,  of  quartz,  feldspar  and 
mica,  out  having  these  materials,  especially 
the  mica,  arranged  in  planes,  so  that  it 
breaks  rather  easily  into  coarse  slabs  or 
flags. 

Gnomon*  Eleetrie* — A  name  sometimes 
given  to  a  type  of  pith  ball  electroscope. 

€h>  DoTiL — 1.  The  squib  or  detonator 
which  is  dropped  down  a  drilled  well  to  ex- 
plode the  nitroglycerin  used  to  ''shoot"  it. 
2.  A  scraper  with  self  adjusting  spring 
blades,  inserted  in  a  pipe  line^  and  carried 
forward  b}r  the  fluid  pressure,  clearing  away 
accumulations  in  the  walls  of  the  pipe. 

Gold. — ^A  conductor  of  electricity,  noted  for 
its  beautiful  yellow  color,  ductility^  mal- 


leability, and  freedom  from  liability  to 
rust  or  tarnish.  Its  specific  gravity  is  19  3 
and  melting  point  2000^  F. 

Gold  Bath.-yA  solution  of  cyanide  of  gold 
in  which  articles  are  suspended  for  electro- 
plating with  gold,  or  electro-gilding. 

Geld  Leaf  Eleetroseope. — ^An  electro- 
scope which  determines  the  presence  and 
kind  of  an  electric  charge  by  the  action  of 
two  strips  of  gold  foil  suspended  from  a 
brass  rod  in  a  glass  jar. 

Geld  Plating. — Depositing  a  layer  of  gold 
by  electroplating;  gilding. 

Gonf  SigpifcHng. — Railroad  electric  sig- 
nals in  wnich  gongs  are  sounded  according 
to  a  cod€. 

Goose  Neek  Poll  Off. — ^In  electric 
traction,  a  "goose  neck"  curve  insulator, 
either  single  or  double,  to  which  the  strain 
wires  are  attached  to  keep  a  trolley  wire  in 
place  along  a  curve. 

Gordon  CelL — ^A  non-polarizing  closed  cir- 
cuit cell  used  largely  for  fire,  police  and 
railway  signal  systems.  The  negative 
element  consists  of  a  perforated  tin  cylinder 
containing  the  depolarizer.  The  zinc  ele- 
ment rests  on  porcelain  lugs  in  an  electro- 
lyte of  caustic  soda  solution. 

Gonld  StorwLge  Battery. — ^A  make  of 
battenr  largely  used  in  America .  It  is  of  the 
PLante  type,  and  its  distinguishing  feature 
is  the  method  of  increasing  the  active  sur- 
face of  the  plates.  The  plates  are  **  spun  ", 
the  solid  lead  plate  being  run  between  a 
number  of  small,  sharp  edged  TDHers  which  out 
deeply  into  the  lead  causins  the  displaoed  lead  to 
rise  up  between  the  rollers  thereby  thiekenxng  the 
plates  and  fonninc  a  series  of  fine  ribs. 

Governor. — ^A  device  or  attachment  for 
controlling  and  regulating  the  speed  of  a 
prime  mover,  usuauy  by  means  of  centrif- 
ugal force  or  by  pressure.  In  a  steam 
engine,  the  principle  of  the  conical  pendu- 
lum is  generally  employed,  as  the  speed  of 
the  enp^me  increases  the  centrifugal  force  causes 
the  weights  to  fly  out,  thus  shortening  the  height 
of  the  pendulum;  this  shortening  pull  being  trans- 
mitted to  the  throttle  valve  or  valve  gearing  of 
the  engine.  A  governor  of  the  same  tvpe  controls 
the  amnnwinn  m  water  to  water  wheels,  tuibineSf 
etc 

GeTemor»  Eleetrie. — ^Any  electric  speed 
controlling  or  movement  regulating  device. 

G.  P. — ^Abbreviation  for  gutta  percha. 
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Chmdient,  Zileetric — ^The  rate  of  increase 
or  decrease  of  a  variable  magnitude,  some- 
times used  for  the  curve  that  represents  a 
variable  current. 

Gradometer* — ^A  variety  of  clinometer, 
consisting  of  a  curved  glass  vial  filled  with 
alcohol  and  a  graduated  scale.  The  posi- 
tion of  the  bubble  shows  the  degree  ot  the 
gradient. 


€krajn  or  Ch^»iiime. — ^The  unit  of  mass,  or 
amount  of  matter,  in  the  C.  G.  S.  system; 
it  is  the  one-thousandth  part  of  the  mass 
of  a  standard  kept  in  Pans  called  the  kilo- 
{pram.  For  practical  purposes  the  gram 
18  equal  to  the  mass  of  one  cubic  centimeter 
of  water  at  4^  C,  or  15.43235  grains. 


— ^In  chemistrv,  the  amount  of 
an  elementary  substance  having  a  weight 
in  grams  equal  in  number  to  the  atomic 
weight  of  the  element. 

C^rmm  Calorie. — ^A  unit  of  heat,  represent- 
ing the  amount  of  heat  required  to  raise 
the  temperature  of  a  gram  of  water  1^  G^iti- 
grade. 

Oram  Equivalent. — ^The  quantity  of  a 
substance  in  grams  equal  numerically  to 
its  electro-chemical  equivalent. 

Gramme  Armatnre. — ^A  form  of  ring  ar- 
mature invented  by  Gramme,  in  which  the 
armature  core,  consisting  of  a  ring  of  iron 
wire,  is  wound  unifonmy  with  insulated 
copper  wire,  which  is,  at  equal  intervals, 
electrically  connected  to  the  segments  oi 
the  commutator. 


Wiadincf* — The  form  of  winding 
employed  upon  a  Gramme  ring  armature. 
The  core  of.  the  armature  being  in  the  form 
of  a  ring,  the  wire  is  wound  through  the 
core  as  well  as  upon  the  outside.  This  tjpe 
of  winding  is  now  used  only  in  arc  hgnt 
dj^namos  and  smaU  motors.  Also  caUed 
rmg  winding. 

GrammOf  Zenobe  TheopUle* — Born 
1826;  died  1901.  A  French  electrician, 
inventor  of  a  successful  rin^  armature 
ri869),  and  the  first  altematmg  current 
aynamo. 

Chram  Moleenle. — ^In  chemistry,  the 
amount  of  a  compound  having  a  wei^t  in 
grams  eaual  in  number  to  the  molecular 
weight  01  the  compound. 


Granite. — A  crystalline,  unstratified  rock, 
consisting  of  quartz,  feldspar  and  mica, 
and  presenting  usually  a  wnitiah,  grayish, 
or  flesh  red  color.  It  differs  from  gneiss 
in  not  having  the  mica  in  planes.  Granite 
is  regarded  as  a  true  igneous  or  fire  rock. 

Granular  Carbon. — ^The  carbon  grains 
employed  at  varying  resistance  between 
the  electrodes  of  a  telephone  transmitter. 
The  best  grade  is  made  from  very  hard  and 
pure  anthracite  which  has  been  carefully 
carbonized  and  afterwards  crushed  and 
screened.  The  grains  are  dense,  jet  black, 
brilliant  in  luster  and  extremely  hard. 

Granular  Carbon  Transmitter. — ^A  tel- 
ephone transmitter  in  which  carbon  grains 
are  employed  as  varying  resistance  between 
the  electrodes;  a  dust  transmitter. 

Granular  Coherer. — ^A  f (Mm  of  wave  de- 
tector for  wireless  telegraphy  experimented 
with  in  the  early  development  of  the  sci- 
ence. It  consisted  of  a  uass  tube  contain- 
ing carbon  granules  oetween  metallic 
electrodes. 

Granular  Hieroiihone. — A  telephone 
transmitter  employing  granular  carbon  to 
furnish  the  varying  resistance  between  the 
electrodes. 

Granular  Telephone. — A  telephone  pro- 
vided with  a  dust,  or  granular  carbon  trans- 
mitter. 

Graphie  Method. — ^The  system  or  method 
of  solving  problems  in  the  equalization  or 
distribution  of  forces,  stresses,  loads,  etc.. 
by  means  of  accurately  drawn  figures  ana 
diagrams. 

Graphite. — One  of  the  three  forms  in  which 
caroon  occurs  in  nature;  also  called  plum- 
bago and  black  lead.  It  has  an  iron  gray 
color  and  a  metallic  luster.  It  is  used  in 
the  manufacture  of  pencils  and  crucibles 
and  as  a  lubricant.  Regarding 'its  use  as 
a  lubricant,  Rennie  in  1829  aays:  "Graphite 
lessened  frictkxi  in  aU  cases  where  it  was  used." 
Qeneral  Morin,  at  a  later  date,  concluded  from 
exi>eriments  that  it  could  be  used  with  advan- 
tage imder  heavy  pressures;  and  Prof.  Thurston 
found  it  well  adapted  for  use  under  both  light 
snd  heavy  pressures  when  mixed  with  eertain 
oils.  It  IB  valuable  to  prevent  abrasion  and  eut- 
ting  under  heavy  loads  and  at  low  velocitaes. 

€h!«phite  Coating. — A  layer  of  powdered 
graphite  sometimes  distributed  over  a  non- 
conducting surface  in  order  to  render  the 
surface  a  cooduetor  of  dectiicity,  especially 
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in  electrotyping  when  a  mould  requires  a 
surface  of  metal  for  printing  purposes. 

Graphitiaed  FiUunent  Lamp* — A  term 
sometimes  applied  to  the  metallized  filament 
incandescent  lamp,  in  which  the  carbon 
thread  has  been  subjected  to  excessive  heat 
in  a  form  of  electric  furnace  so  that  the 
texture  of  the  filament  has  more  of  the 
characteristics  of  a  metal  than  of  carbon. 

Chrapnel. — ^An  implement  having  flukes  or 
prongs  for  grapplmg  purposes;  a  grappling 
iron  for  seizing  a  submarine  cable  or  other 
object  under  water. 

Grapnel  Toes. — The  flukes  or  claws  of  a 
grapnel. 

Grappliiiff. — Exploring  the  bed  of  the  sea 
or  other  bodies  of  water  for  sunken  objects 
with  the  aid  of  a  grapnel. 

Grate  Snrfkce. — In  steam  boilers,  the 
amount  of  grate  surface  required  per  horse 
power,  varies  to  a  considerable  degree, 
depending  upon  the  amoimt  of  draught 
and  kind  of  coal  used.  In  designing  a 
boiler  for  a  given  set  of  conditions,  the 
grate  surface  should  be  made  as  liberal  as  possi- 
ble; say,  sufficient  for  a  rate  of  combustion  of  ten 
lbs.  i>er  square  foot  for  anthracite,  and  fifteen  lbs. 
for  bitummous  coaL 

Gratinffs. — A  plate,  usually  of  glass,  ruled 
with  nne  lines  forming  alternate  opaque 
and  transparent  parallels  for  producing 
spectra  of  light  by  diffraction 

Oravity. — A  force  which  gives  to  every 
particle  of  matter  a  tendency  toward  every 
other  particle.  This  influence  is  conveyed 
from  one  body  to  another  without  any 
perceptible  interval  of  time.    The  weight 

of  the  body  is  the  force  it  exerts  in  conse- 

Suence  of  its  graviw,  and  is  measured  by  its  me- 
lianical  effects.  We  weigh  a  body  by  ascertain- 
ing the  force  re9uired  to  hold  it  back,  or  to  keep 
it  from  descending.  Hence,  weights  are  nothing 
more  than  measures  of  the  force  of  gravity  in 
different  bodies. 

In  the  case  of  falling  bodies,  the  acceleration 
due  to  gravity  is  32.16  feet  per  second  in  one 
second;  this  is  indicated  by  the  symbol  g.  The 
value  of  Q  increases  with  the  latitude  and  de- 
creases with  the  elevation.  At  the  latitude  of 
Philadelphia  40**,  its  value  i*i  .32.16.  At  Paris 
48*  50'  N..  a  =  980.87  cm  =  32.181  ft.  For  all 
ordinanr  calculations  for  the  United  States,  g  is 
general^  taken  at  32.16. 

Grayity  Ammeter.  —  An  ammeter  in 
which  the  index  needle  is  held  at  zero  by 
the  force  of  gravity,  and  is  drawn  away 
against  that  force  by  the  action  of  the  cur- 
rent to  be  measured. 


Oravity  AnniuiGiator  I>rop. — An  an- 
nunciator drop  which,  when  released,  falls 
by  the  force  of  gravity. 

Grayity  Cell* — A  two  fluid  primary  cell  in 
which  the  electrolytes  are  kept  separate  by 
the  difference  in  their  specific  gravity,  the 
denser  liquid  resting  at  the  bottom  of  the 
jar  while  the  lighter  solution  stays  on  top; 
the  "bluestone"  cell. 

Gravity  Drop  Annunciator. — An  an- 
nunciator provided  with  gravity  drops. 

Chravity  Feed  Are  Lamp. — An  arc  lamp 
in  which  the  mechanism  for  preserving  the 
arc  lets  the  upper  carbon  drop  imder  the 
influence  of  the  force  of  gravity. 

Gravity  Needle  Drop. — A  needle  annun- 
ciator having  a  gravity  drop. 

Chravity  Voltmeter. — A  variety  of  volt- 
meter in  which  the  potential  difference  to 
be  measured  deflects  the  index  needle 
against  the  action  of  gravity  upon  a  weight. 

Grayt  Eliaha.— Bom  1835,  died  1901.  An 
American  electrician;  inventor  of  a  self- 
adjusting  telegraph  relay  (1867),  a  tele- 
graph repeater,  a  printing  telegraph,  the 
telautograph  (1890),  and  other  apparatus 
chiefly  concerned  with  the  telegraph  and 
telephone.  He  disputed  with  Bell  the 
creoit  for  the  invention  of  the  telephone 
(1876). 

Gray  Iron. — ^There  are  many  varieties  of 
cast  iron,  differing  from  each  other  by 
almost  insensible  shades.  The  two  prin- 
cipal divisions  are  gray  and  white,  so  called 
from  the  color  of  the  fracture  when  recent. 
Gray  iron  is  softer  and  less  brittle  than 
white  iron.  It  ia  to  a  slight  degree  malleable  and 
flexible,  can  be  easily  drilled  and  turned  in  the 
lathc),  and  does  not  resist  the  file.  It  has  a  bril- 
liant fracture,  of  a  gray,  or  sometimes  a  bluish 
gray  color;  the  color  is  lighter  as  the  grain  be- 
comes closer,  and  its  hardness  increases  at  the 
same  time. 

Grease  Spot  Photometer. — A  familiar 
name  for  Bunsen's  photometer  which  consists 
essentiallv  of  a  paper  screen  with  a  grease 
spot  in  the  center,  on  either  side  of  which 
are  placed  the  two  lights  to  be  compared. 
When  the  screen  is  equally  illuminated  on 
both  sides  the  spot  becomes  invisible. 

Greater  Calorie. — A  unit  of  heat  in  the 
C.  G.  S.  system  larger  than  the  calorie:  it 
is  the  amount  of  heat  necessary  to  raise 
the  temperature  of  a  kilogram  of  water 
from  0°  to  1**  Centigrade. 
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Ck^eek  Alphabet. — The  letters  of  tEe 
Greek  alphabet  are  used  as  arbitrary  signs, 
and  the  letter  rr  (pi)  is  used  almost  univer- 
sally to  represent  the  ratio  of  the  circum- 
ference to  the  diameter  of  the  circle.  Some 
of  the  Greek  letters  are  used  as  electrical 
symbols. 


A   «   .    aipte 

1      •           IM» 

P    ^ 

ifeo 

B    /7    .     bM» 

K  «    .   k^vft 

Z    <r     . 

itgVft 

r    y        gui» 

A    A    .    tambd* 

T      T      . 

lK» 

M   fk   .    nm 

Y    »    . 

VptflM 

5     «      .     fllNdOD 

N    1*   ,    oa 

t    ♦    • 

pU 

Z    (   .    mu 

«   (    .    H 

•M 

e  ^  .  tMte 

0    ;  .    ondoo. 

IMi 

n  w  .    pi 

12    «    . 

—.J 

Green  Candle. — A  standard  candle  having 
a  green  glass  screen  for  the  purpose  of 
measuring  the  candle  power  of  an  arc  lamp. 

Orenet  OelL — A  varietv  of  bichromate 
primary  cell.  A  zinc  plate  is  suspended 
between  two  carbon  plates  without  touch- 
ing them,  and  so  adjusted  that  it  may  be 
withdrawn  from  the  solution  when  the  cell 
is  on  open  circuit. 

Orid* — 1.  A  lead  plate  for  a  storage  cell;  it 
is  provided  with  corrugations  -or  perfora- 
tions so  that  it  may  be  capable  of  holding 
a  large  amount  of  the  active  material,  and 
thus  increase  the  capacity  of  the  cell. 

2.  In  wireless  telegraphy,  an  arrange- 
ment of  several  parallel  aenal  wires. 

Orid  Pln^fl. — ^In  storage  battery  practice, 
plugs  of  oxide  of  lead  inserted  mto  the 
perforations  of  a  grid  to  assist  in  the  forming 
process. 

Orill  Work. — ^In  engineering,  a  heavy 
framework  of  cross  timbering,  resting  upon 
the  heads  of  piles,  serving  as  a  foundation 
for  a  building  resting  on  insecure  or  tseach- 
erous  soil. 

Qrip  Controller. — A  device  applied  to 
motor  cycles  operated  from  the  grip,  or 
handle,  which  controls  the  motor  by  mter- 
rupting  the  ignition. 

Qrip  of  Belt. — ^The  hold  which  a  driving 
bdt  has  upon  the  pulley. 

Grommet  or  Grummet. — In  engineering, 
a  ring  formed  of  a  strand  of  rope,  laid  round 
by  others  in  a  particular  manner;  a  ring  of 
a  soft  yam  strand  wound  aroimd  or  served 
by  its  own  part,  used  to  stop  leaks  under 
bolt  heads. 


€hM>tthna0,  Theodor. — (Properly,  Chris- 
tian Johann  Dietridi.)  Bom  178j5,  died 
1822.  A  German  phvsicist,  distinguished 
for  formulating  (1805)  the  theory  of  elec- 
trolysia  which  b^urs  his  name. 

€hM>tthnaa*  Theory. — A  theory  advanced 
to  explain  the  process  of  electrol3r8i8  which 
takes  place  in  a  voltaic  cell,  suggesting  that 
the  molecules  of  the  liquid  arranjge  them- 
selves in  chains,  the  particles  being  altera 
natelv  charged  positively  and  negatively, 
and  that  along  these  ohains  the  decompositions 
and  reoombinationB  occur. 

According  to  the  theory  all  the  moleeales  ar- 
range themaelves  in  regular  order  with  their  unlike 
**  poles'*  or  ends  in  contact.  The  new  arrangement 
Is  due  to  the  fact  that  each  one  is  ''polarised,*'  or 
has  acquired  magnetic  qualities.  In  addition  to 
this  "  polarisation,"  all  the  molecules  are  supposed 
to  move  in  regular  order,  in  lines,  from  the  sine 
electrode  to  the  copper,  and  back  again.  In  course 
of  this  "rotaticm,*  or  traveling  around,  it  is  found 
that  the  sulphur  and  ozvgen  unite  with  the  sine, 
causing  it  to  waste,  and  the  hydrogen,  thus  liber- 
ated, unites  with  the  oz]^en  of  the  molecule  just 
ahead;  that,  in  turn,  giving  its  oxygen  to  the 
molecule  in  front  of  it,  and  so  on,  untallhe  copper 
electrode  is  reached.  The  hydrogen  is  given  off 
to  unite  again  with  the  liquid  and  perform  the 
same  rotation,  until  all  the  oicygen  has  united 
with  and  consumed  the  sine  plate. 

Ground. — The  earth  regarded  as  an  electric 
conductor. 

Ground  Oireuit. — ^An  electric  circuit  which 
is  completed  by  the  use  of  the  ground  as  a 
part  of  the  circuit;  an  earth  circuit. 

Ground  Coll. — ^A  small  rheostat  used  in 
duplex  telegraphy  for  preserving  the  bal- 
ance of  the  line  at  the  home  station. 

€hM>und  Detector. — It  is  important  to 
know  when  any  portion  of  an  electric  cir- 
cuit becomes  accidentally  connected  with 
the  ground,  and  for  this  purpose  a  group  of 
lamps  or  voltmeters  is  provided  at  a  central 
station,  indication  of  a  "ground"  being 
given  by  the  lighting  of  the  lamps  or  the 
movement  of  the  voltmeter  needle. 

Grounded  Circuit. — ^An  electric  circuit 
completed  through  the  ground. 

Chn>unded  Djnamo. — A  dynamo  connect- 
ed to  ground. 

€hM>und  Incandeflcent  Switch. — A 

switch  which  controls  a  group  or  cluster  of 
incandescent  lamps. 

Ground  Indicator. — ^A  device  for  indioat- 
ing  any  defect  in  the  insulation  of  a  tele- 
graph or  telephone  line. 
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Quy  Rod  Bands, 


Chfowtdinif. — ^The  leaking  of  an  dortrie 
euirent  into  the  ^[round;  or  the  intentional 
connection  of  a  circuit  to  the  earth. 

Ground  Line. — The  ordinary  level  of  the 
surface  of  the  ground,  above  or  below 
which  the  height  of  structuree  or  the  depth 
of  excavations  is  measured. 

Ch*o«iid  Plate. — A  metal  plate  buried  in 
damp  soil  forming  a  jMith  to  earth  in  a 
grounded  electric  ciicmt;  an  earth  plate. 

Groiuid  Return. — ^The  earth  or  ground 
used  to  complete  an  electric  circuit. 

Gromid  Wire. — The  conductor  which 
makes  the  connection  wiUi  the  ground  in. 
a  ground  circuit. 

OrovMng, — In  construction  work,  the  pour- 
ing of  a  mixture  of  cement,  sand  and  water 
into  the  voids  of  stone,  brick  or  concrete 
work,  either  to  give  a  solid  bearing  or  to 
fasten  anchor  bolts,  dowels,  etc. 

Gr<rre*0  CelL — A  form  of  primai^y  cell  con- 
sisting of  an  outer  jar  containing  a  zinc 
electrode  in  dilute  sulphuric  acid,  and  an 
inner  porous  cup  with  a  platinum  electrode 
in  strong  nitric  acid. 

Gro^e*0  ChM  Battery. — An  early  form  of 
storage  battery  devised  by  Sir  W.  R.  Grove 
in  1^.  Plates  of  platinum  are  contained 
in  dass  tubes  dosea  at  the  top,  the  lower 
ends  being  immersed  in  dilute  sulphuric 
acid.  The  charging  current  introduces 
oKsrsen  into  certain  of  the  tubes  and  hydrosen 
into  others.  Tho  platinum  in  contact  with  these 
cases  then  permits  of  a  currant  to  be  derived  from 
the  oell  equal,  under  favorable  oiroumstances.  to 
843  volts  per  oouple. 

Grovet  Sir  William  Robert.— Bom 
1811,  died  1896.  An  English  phvsicist, 
inventor  of  the  type  of  voltEdc  cell  Imown 
as  Grove's  cell  (1839),  and  the  earliest  type 
of  incandescent  lamp  (1840). 

Orowth  of  Idnee  of  Foree.— The  extend- 
ing and  expanding  of  lines  of  force. 


> — ^In  pole  line  construction,  an 
upright  attached  to  a  cross  arm  to  prevent 
a  wire  from  falling  in  case  it  becomes  de- 
tached from  its  insulator. 

Owupd  Bvepeneion  Wire. — ^A  epan  wire 
stretched  above  a  troUey  wire  from  the 
tops  of  opposite  poles  in  order  to  support 
the  yiMro  tvA'W. 


Guard  Wire. — A  wire  stretched  parallel  to 
a  trolle^r  wire  and  just  above  it  to  prevent 
other  wires  from  falling  across  and  Tnolring 
electrical  contact  with  the  live  wire;  a  run- 
ning guard  voire, 

Chiard  Wire  Haji^r. — A  hanger  for  sup- 
porting a  guard  wire. 

Guide  Pftssaifee. — In  hydraulics,  pas- 
sages whidi  direct  the  water  upon  the 
blades  of  a  turbine,  the  enclosing  parti- 
tions being  movable  to  vary  the  width  of 
tJie  flow,  etc. 

Chill  Metal. — ^A  bronse,  ordinarily  com- 
posed of  nine  parts  of  copper  and  one  of 
tin.  The  name  is  also  given  to  certain 
strong  mixtures  of  cast  iron. 

Chinpoirder. — An  explosive,  compounded 
of  75  per  cent,  saltpetre,  15  per  cent,  char- 
coal, and  10  per  cent,  sulphur.  The  tem- 
perature of  explosion  is  about  2000^  C,  and 
the  volume  of  gas  evolved  is  300  times  that 
of  powder.  When  the  ratio  of  volume  of 
powder,  to  the  capacity  of  the  containing 
space  is  one,  the  pressure  of  explosion  \& 
aoout  42  tons  per  square  inch. 

Giiiiter*e  Chain. — (Consists  of  one  hundred 
links,  each  link  being  seven  inches  and 
ninety-two  one-hundredths  in  length;  mak- 
ing up  the  total  length  of  four  rods,  or  sixty- 
six  feet;  hence,  a  measure  of  that  length. 
An  acre  contains  ten  square  dhaine. 

Chitta  Pereha. — A  substance  obtained  from 
the  gum  of  a  tropical  tree  found  in  the  East 
Indies.  It  has  many  of  the  properties  of 
India  rubber  and  is  of  great  value  in  elec- 
trical work  for  its  insulating  powers  and 
durability. 

Chitter  of  Insulator. — A  depression  in  an 
insulator  to  lead  off  rain  water. 

Guj". — A  rod,  wire  or  other  appliance  for 
stiffening  a  telegraph  pole,  or  for  stead3dng 
a  system  of  overhead  wires. 

Gujin^.— Steadying  anything  by  the  use  of 
guys. 

Guy  Bod. — A  rod  of  galvanized  wrought 
iron  or  of  steel,  employed  as  a  guy  to  stiffen 
a  telegraph  pole;  a  stay  rod, 

Guy  Bod  Bande. — Bands  by  which  a  guy 
rod  is  attached  to  a  telegraph  pole. 
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CfyrostaUe  Action  of  Dynamo, 


Qny  Rope* — ^A  rope  serving  as  a  guy. 

Ouy  Stnbfl. — A  stub  driven  into  the  ground 
for  the  purpose  of  anchoring  a  guy. 

Chiy  Wire. — ^A  wire  serving  as  a  guy. 

GymnotuB    Eleetriens. — The   scientific 
name  for  the  dectric  eel. 

Gyration* — The  act  of  revolving  about  an 

axis;  rotaUon, 

« 

€(yroflcope« — An  instriunent  used  to  illus- 
trate the  dynamics  of  rotating  bodies,  con- 


sisting essentially  of  a  fly  wheel,  mounted 
in  a  ring,  with  its  axis  free  to  turn  in  any 
direction. 

Gyrofloopot  Electric. — A  gyroscope  driv- 
en by  an  electric  motor. 

Gyrofltat. — An  instrument  for  illustrating 
the  dynamics  of  rotation. 

Gyrostatie  Action  of  Dsmamo. — ^The 
effect  produced  by  the  motion  of  the  vessel 
upon  the  rotation  of  the  parts  of  a  dynamo 
operated  on  shipboard 


H. — I.  Hie  iymbol  for  the  In- 
taiaity  of  a  magnetic  field;  ita 
unit  is  the  gmua. 

2.  The  symbol  of  indius 
tion.     The  Henry. 

3.  The  symbol  for  the  hori' 
zontal  intensity  of  the  eArtb'a 
magnetiflm. 

4.  An  abbreviation  For  hydrogen. 

Ii. — 1.  An  abbreviation  tar  the  henry,  the 
practical  unit  of  induction, 
2.  Abbreviation  for  hovr. 


w. — Ferric  oxide.  An  important  ore 

of  iron,  occurring  in  steel  blue  orl>lack  crys- 
tals, or  blood  red  when  very  thin,  also  in 
blood  red  masses,  whence  the  name  blood- 
itone  by  which  it  is  often  known.  It  is 
found  ID  the  Marquette  region  of  Lake 
Superior  in  the  U.S.  Hematite  is  also 
known  as  tpecutar  iron. 

Half  Croa««d  B«ltliis-~In  millwrighting, 
belting  is  half  crossed  when  it  drives  be- 
tween two  pulleys  whose  axes  are  at  right 
angles  with  each  other.  Half  crossed  belt- 
ing can  run  only  in  one  direction. 

HaJf  Deflsctian  Method. — A  method  of 
electrical  measurement  in  which  the  gal- 
deflection  is  reduced  one-half. 


SaJf  Oats.— The  state  of  a  hydraulic  tur- 
bine in  operation  with  the  g»te  open  only 
half-way,  as  in  hydro-electric  planto  run- 
ning with  Kght  loads. 


Half  WIr«  Oaard  for  Imeaitdeacent 
Iiasip. — A  wire  guard  for  protecting  only 
one  half  of  an  incandescent  lamp. 


tkms  have  been  in  ocmneetion 
with  the  so  called  Hall  effect 
in  various  metals;  changee  of 
temperature  in  walla  of  the 
steam  engine  cylinder;  ther- 
mal conductivity  of  nickel  and 
iron;  deflection  of  falling  bod- 
ies ;    theory   of   thermo-elec- 


Hall  Effeet.— A  phenomenon  first  obeared 
by  E.  E.  HaU  in  1879,  of  a  transvewe  elec- 
tromotive force  produced  when  a  powerful 
magnet  is  caused  to  act  upon  a  current 
flowing  in  a  strip  of  very  thin  metal.  As- 
sume a  steady  current  to  flow  through  this 

thin  metal  atrip,  and  let  two  poiots.  tniiuvenal 
ts  the  lias  of  Qov,  bs  CODuectMl  lo  ■  ■■lvuwmet«r. 
Therc  points  of  BODt«ct  can  be  Bdjuitol  until 
Ihsn  ia  no  dsflection,  Bbovinc  that  they  an  in  the 
■ame  equipot«citial  line.  If  Iha  itiip  of  metal  ba 
placed  in  a  (tnini  macnelic  field  at  richt  ancle* 
to  the  linea  ol  f  oree.  a  deflection  ot  the  BalTanom- 
eter  ia  produced,  vbieb  Indicatca  that  an  alter- 
nation takte  place  on  the  atream  linea  of  ourrent 
in  the  atrip.  The  effect  ia  aaid  to  be  due  to  the 
deflcctKMia  of  the  movins  camera  of  the  current 
or  eitdnTU. 

Halleran  Lines. — Lines  drawn  upon  a 
map  passing  through  points  on  the  earth's 

surface  which  have  the  same  magnetic 
declination;    the  isogonic  or  isogonal  lines. 

Balplne-SaTagre  Tarp«do.— A  subma- 
rine torpedo  operated  by  electricity,  and 
propelled  by  a  current  generated  within 

Hammer  Break. — I.  In  internal  combus- 
tion motors,  a  make  and  break  ignition 
through  an  exceedingly  rapid  separation 
of  the  sparking  contacts,  by  striking  the 
movable  contact  a  blow  with  the  igniter 
hBDiiiier,  the  latter  beins  operated  by  a  atroag 

2.  In  jump  apark  icnitioQ.  a  rapid  ■eparatkiD  of 


if  the  pi 


and  deliveia  a 
dc.  which  cou- 
cljon  produces 


_r  Taat. — A  trial  ot  the  qualities  of 

sheet  metal,  such  as  iron,  copper  or  steel, 
by  the  use  of  the  hammer;  such  as  flatten- 
ing out  cold  to  a  thickness  of  one-half  the 
diameter,  and  flattening  out  hot  to  a  thick- 


m 
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Hard  Patch. 


ness  of  one-third  the  diameter.    In  neither 
test  should  they  show  cracks  or  flaws. 

Hand  Hole* — 1.  An  opening  large  enough 
to  readily  admit  the  hand,  provided  in  an 
underground  conduit  for  the  purpose  of 
gaining  access  to  the  cable. 

2,  In  a  steam  boiler,  a  small  opening  in 
the  outer  firebox  or  shell,  large  enough  to 
admit  the  hand  uid  aim:  it  is  closed  with  a  small 
oval  door,  iomted  on  the  inside,  and  held  in  posi- 
h  £  f  ^ti^L*^^  ^'^  aimilar  to  the  baser  man- 
Hud  Lifrhtin^  EleetHe  Boner.— An 
ordmary  electric  burner  lighted  and  ex- 
tinguished by  hand. 


Operated  Alarm.— An  electric 
alarm  turned  in  by  hand  as  distinguished 
from  an  automatic  alarm. 

Hand  RaiL — ^A  protection  or  guard  rail 
around  machinery,  etc. 

Hand  Beornlation.— The  regulation  of  a 
dynamo  by  hand,  for  preserving  constant 
the  current  strength  and  potential  differ- 
ence, as  distinguished  from  automatic 
regulation. 

Hand  Bemlator. — A  hand  regulated  re- 
sistance box,  in  which  the  separate  resist- 
ance coils  may  be  cut  in  or  out  by  turning 
a  hand  wheel  or  switch. 

Hand  Rule. — A  rule  for  determining  the 
relation  in  direction  between  the  magnet- 
ism, the  motion  and  the  induced  E.  M.  F. 
in  an  electromagnetic  circuit,  generally 
known  as  Fleming's  hand  rule.  It  mav  be 
stated  as  follows:  Let  the  forefinger  of  the 

right  hand  point  in  the  direction  of  the  maimetic 
hn«;  then  turn  the  thumb  in  the  direction  of  the 
motion;  the  middle  finger  bent  at  right  angles  to 
both  thumb  and  forefinger  will  show  the  direction 
of  the  mduoed  E.  M.  F. 

Hand  Scratch  Brash.— A  scratch  brush 
for  cleansing  by  hand  the  surfaces  of  metal 
objects  to  be  electroplated. 

Hand  Stoialinff.— Sending  telegraphic 
messages  by  hand  in  distinction  from  sig- 
naUng  by  machine,  or  automatic  signaling. 

Hud  Sketch. — In  drawing,  a  rough  kind 
of  free  hand  drawing  made  without  rule  or 
compass,  and  although  not  to  scale  is  a 
working  drawing,  because  it  gives  all  di- 
mensions and  particulars  required  from 
which  to  work. 


Hand  Telephone. — ^The  ordinary  form  of 
telephone  receiver^  as  distinguianed  from 
the  nead  gear  receiver. 

Hand  Toole. — All  tools  and  implements, 
cutting  or  otherwise,  which  are  used  by  the 
hand  alone,  to  distinguish  them  from  ma- 
chine tools. 


^  ir. — A  metal  bracket  or  stirrup,  of 
various  shapes,  used  to  support  electric 
motors  when  fastened  to  tne  wall,  etc. 
The  hanger  depends  or  hangs  downward 
from  a  beaxa  or  the  like,  hence  its  name. 


_  »r  Board. — ^A  board  provided  with 
terminals  and  a  switch,  so  that  an  arc  lamp 
can  readily  be  introduced  into  a  circuit,  or 
removed  from  it. 

Han^^r  Cnt  Ont. — ^A  cut  out  switch  pro- 
vided for  an  arc  lamp  in  connection  with  a 
hanger  board. 


. — 1.  Brass  which  has  not  been 
annealed  after  drawing  or  rolling.  It  is 
highly  elastic  and  is  therefore  used  for 
springs  and  work  of  similar  character. 

2.  Hammered  brass,   also  brass  which 
contains  a  large  proportion  of  tin. 

Hard  Drawn  Copper  Wire. — Copper 
wire  suitable  for  overhead  conductors  hav- 
ing received  the  requisite  hardness  and  me- 
chanical strength  by  being  repeatedly 
drawn  without  being  annealed. 

Hardening. — 1.  Increasing  the  hardness  of 
metals  either  by  suddenly  cooling  them 
after  intense  heat,  or  by  subjecting  them 
to  hydraulic  pressure  while  cooling  slowly. 
2.  The  preliminary  process  of  tempering 
edge  tools;  the  tool,  being  heated  to  a 

cherry  red,  ia  plunged  into  brine  or  clear  water, 
the  sudden  quenching  rendering  it  hard  enouf^  to 
scratch  glass.  Subsequent  reheating,  to  a  point 
determined  by  experience  and  judgment,  is  neces- 
sary to  dratr  the  temper,  so  that  the  steel  shall  have 
those  qualities  of  hardness  and  toughness  neoes- 
aaiy  for  its  desired  duties. 

Hard  Iron. — Cast  iron  which  is  dense  and 
dose  grained.  It  is  obtained  by  making 
smtable  mixings  of  various  brands  with 
scrap,  and  is  used  for  wearing  parts,  the 
liners  of  engine  cylinders,  and  cog  wheels. 

Hard  Pateh. — A  piece  of  metal  attached 
to  a  boiler  shell,  used  to  strengthen  a  weak 

glace  or  cover  a  hole,  is  called  a  patch.    If 
olted  or  studded  it  is  called  a  9oft  patch, 
if  riveted,  a  hard  patch. 
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Hard  Porona  CelL — An  imglased  earth- 
enware jar  made  especially  dense  by  hard 
baking  to  better  resist  the  disintegrating 
action  of  the  voltaic  cell  for  which  it  is 
designed. 

Hard  Rubber. — A  name  often  given  to 
vulcanite  or  ebonite  which  is  india  rubber 
"vulcanized"  by  a  large  admixture  of 
sulphur.  It  is  much  used  in  the  manu- 
facture of  electrical  instruments.  * 

Hard  Solder. — A  solder  which  fuses  only 
at  a  red  heat;  as  one  composed  of  zinc  and 
copper,  or  silver  and  copper. 

Hard  SteeL — ^A  loose  and  indefinite  term, 
meaning  all  steel  that  is  not  mild,  it  may 
be  taken  as  steel  containing  over  ^  of  1  per 
cent,  oi  carbon. 

Hard  Water. — ^A  water  in  which  soap  will 
not  readily  dissolve,  thus  rendering  the 
formation  of  lather  difficult.  Hardness 
may  be  temporary  or  permanent^  and  is 
due  to  the  presence  of  salts,  principally  of 
lime,  in  solution. 

H-armature. — An  early  form  of  Siemen's 
armature  having  a  core  resembling  the 
letter  H;  a  girder  or  shuttle  armature. 

Harmonic  Analyser. — An  analyzer  capa- 
ble of  being  tuned  to  a  certain  note,  for 
example,  Gray's  harmonic  telegraph  an- 
alyzer is  an  electromagnet  whose  arma- 
ture, consisting  of  a  steel  ribbon,  is  attached 
to  a  metallic  frame  and  tuned  to  proper 
tension  by  a  thmnb  screw. 

Harmonic  Current. — An  alternating  elec- 
tric current  the  waves  of  which  follow  the 
law  of  a  simple  harmonic  or  sine  curve. 


Electromotive    Forces.— 

Electromotive  forces  having  periodic  alter- 
nations in  multiple: 

Harmonic  Motion. — Simple  harmonic  mo- 
tion is  the  projection  on  a  straight  line  of 
uniform  circular  motion.  It  is  like  that 
of  a  point  in  a  vibrating  string,  and  is  ap- 
proximately the  same  as  the  vibration  of 
a  sounding  body,  whence  the  name. 

Harmonic  Receiver. — In  harmonic  teleg- 
raphy, a  receiver  consisting  of  an  electro- 
magnetic reed  tuned  to  vibrate  to  one  note 
only. 

Harmonica.— The  separate  overtones  which 
go  to  make  up  a  complex  tone. 


Harmonics  of  Current. — The  separate 
harmonic  currents  which  go  to  make  up  a 
complex  harmonic  current. 


Harmonics  of  Sound  Waves. — ^The  sep- 
arate overtones  which  combine  to  make  up 
a  sound  wave. 


s. — The  equipment  for  adjusting  the 
transmitter  and  receiver  upon  the  breast 
and  head  of  a  telephone  exchange  operator. 

Harpoon,  Electric — A  harpoon  provided 
with  an  electric  bomb  which  the  harpooner 
explodes  after  the  weapon  has  reached  its 
victim. 

Harveyisin^. — A  process,  invented  by  R. 

A.  Harvey,  of  hardening  the  surface  of  a 
steel  plate,  in  which  the  steel  is  given  a 
thick  face  of  great  hardness  backed  by  the 
metal  in  a  gradually  decreasing  state  of 
hardness  through  its  mass. 

H*  B.  Curves. — Characteristic  curves  which 
show  the  ratio  of  the  magnetic  induction 

B,  to  the  magnetizing  force  H. 

Head  Bath,  Electric. — A  convective  elec- 
tric discharge  applied  in  the  medical  treat- 
ment of  the  heaa. 

Head  Board  of  Dynamo. — A  board  con- 
taining the  switches  or  terminals  of  a  dy- 
namo. 

Head  Board  of  Motor. — A  switchboard 
for  use  in  starting  a  motor. 


Oate. — ^In  hydraulics,  vertical  sliding 
doors,  to  admit  or  shut  off  the  water  sup- 
ply from  the  reservoir  or  intake  to  the 
flume,  conveying  it  to  a  turbine  or  water 
wheel. 

Head  Gear  Telephone. — A  telephone 
watch  case  receiver  for  use  in  exchanges, 
adjustable  to  and  fitting  over  the  head  of 
the  operator  so  as  to  give  entire  freedom 
to  the  hands;  a  head  telephone. 


Chiy. — A  guy  fastened  to  the  top  of 
a  telegraph  pole. 

Head  Chiyins^. — 1.  A  method  of  stead^ring 

telegraph  poles  against  lateral  vibrations 

by  guying  the  top  of  one  to  the  foot  of  the 

next  on  each  side. 

2.  Attaching  a  guy  to  the  top  of  a  pole. 

Head  Lamp. — ^An  electric  lamp  suitable  to 
be  worn  upon  the  head. 


mt 
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Headlie^ht,  Electric. — On  a  locomotive, 
a  powerful  arc  light  with  parabolic  reflec- 
tion; usually  operated  by  a  rotary  steam 
engine  direct  connected  to  a  generator,  and 
all  mounted  in  a  compact  form  on  one  base. 

He»d  of  Liquid. — ^The  height  of  water  or 
other  liquid  above  a  given  level  considered 
in  relation  to  the  force  of  its  fall  and  to  the 
pressure  per  square  inch  at  the  given  level. 

Head  of  Water. — ^The  height  of  the  water 
above  the  orifice,  at  which  it  issues,  ex- 
pressed either  in  feet,  or  pounds  per  square 
inch  pressure  corresponding  to  the  head. 
In  Questions  relating  to  pressure  due  to 
heaa,  there  are  two  important  distinctions, 
viz.:  static  head  and  dynamic  head. 

«M»u  Race. — ^In  hydraulics,  the  water 
course  leading  to  the  upper  part  of  a  water 
wheel. 

Head  Telephone. — A  watch  case  receiver 
adjustable  to  the  head  of  a  telephone  opera- 
tor, so  that  the  hands  shall  be  free  for  mak- 
ing connections  upon  the  switchboard;  a 
head  gear  telephone. 

Heat. — ^That  form  of  energy  which  consists 
in  the  agitation  of  the  molecules  of  matter 
by  which  heat  is  produced;  the  state  of  a 
substance  in  which  it  produces  the  sensa- 
tion of  heat. 

Heat  is  distinKuished  as  sensible  and  latent. 
Sensible  heat  or  neat  that  may  be  distinguished 
by  the  touch.  Latent  heat  means  heat  which  has 
disappeared  in  producing  a  change  in  the  stale  ot 
a  substance  without  changing  its  temperature.  The 
Fahrenheit  thermometer  is  generally  used  in  meas- 
uring heat  in  English  speaking  countries,  and  the 
Centigrade  or  Celsius  thermometer  in  countries 
which  use  the  metric  sjrstem.  The  graduations 
are  as  follows. 


Thermometer 

Freesing 

(degrees) 

Boiling 
(degrees) 

Fahrenheit 

Centigrade 

Reaumur 

32 
0 
0 

212 

100 

80 

The  R6aumur  thermometer  ia  used  to  some  ex- 
tent on  the  continent  of  Europe. 

Heat  Alarm. — A  fire  alarm  which  gives  a 
signal  when  the  heat  becomes  excessive. 
A  thermostat  may  operate  to  close  an 
electric  circuit  that  rings  a  bell,  or  the  cir- 
cuit may  be  closed  by  the  expansion  of  a 
colunm  of  mercury. 

Heat  CelL — A  primary  cell  in  which  an 
electric  current  is  set  up  by  the  action  of 
heat. 


Heat  Coil. — ^A  protective  device  for  tele- 
phone apparatus  by  means  of  which 
"sneak"  currents  are  arrested  by  cutting 
an  instrument  out  of  circuit  when  a  stray 
current  exceeds  a  predetermined  limit;  a 
thermal  arrester, 

Heatt  Electric. — The  heat  produced  in  a 
conductor  by  the  passage  of  an  electric 

current  through  it. 

« 

Heater^  Electric. — A  form  of  heating  ap- 
paratus used  especially  in  electric  cars;  it 
consists  of  a  group  of  resistance  coils  em- 
bedded in  insulatmg  material,  producing 
heat  by  the  resistance  offered  to  the  passage » 
of  an  electric  current. 

Heatings  bsr  Eleetricit j-. — Electric  heat- 
ing, though  too  costly  for  general  purposes, 
may  be  economically  employed  in  cooking, 
welding  in  the  electric  furnace,  for  warm- 
ing cars  in  electric  railways,  and  in  a  num- 
ber of  minor  situations.  The  advantages 
of  electric  heating  are  freedom  from  odor,  dust, 
noise  and  fumes,  ease  of  installation  and  opera- 
tion, portability,  safety,  economy  of  space,  etc. 
Two  of  the  most  important  commercial  uses  of 
electric  heat  are  in  the  reduction  of  substances 
in  the  electric  furnace,  and  in  the  uniting  of  metal 
in  welding.  The  heat  of  the  electric  are  has  also 
been  used  in  cutting  structural  steel  and  sheet 
piling  with  great  saving  of  time. 

Heatinff  Effecte  of  Current. — The  ef- 
fects <?  heat  produced  in  a  circuit  by  the 
passage  of  the  electric  current. 

Heatings  of  Dynamoe.  —  The  excessive 
heating  of  the  constituent  parts  of  a  dyna- 
mo is  probably  the  most  common  and  at 
the  same  time  the  most  annoying  fault 
which  arises  in  the  working  of  the  dynamo. 
It  may  be  due  to  various  causes,  electrical 

or  mechanical;  and  may  oocur  in  any  one  or  more 
of  the  component  parts  of  the  djmajno?  (1)  OoB' 
nections.  (2)  Annature,  commutator,  Dnishes. 
(3)  Field  magnets.     (4)  Bearings. 

It  may  be  detected  by  applying  the  hand  to  the 
di£Ferent  portions  of  the  machine  if  low  tension, 
or  a  thermometer  if  high  tension,  and  also  by  a 
smell  of  over-heated  insulation  and  paint  or  var- 
nish. When  this  last  indication  is  noticed,  it  is 
advisable  to  stop  the  machine  at  once,  otherwise 
the  insulation  is  liable  to  be  destroyed. 

Heating  Surflftee. — That  part  of  a  steam 
boiler  exposed  to  the  heat  generated  hy 
the  furnace.  Area  of  heating  surface  is 
frequently  used  to  express  the  horse  power. 
This  is  figured  from  the  number  of  square 
feet  of  boiler  and  tube  surface,  exposed  to 
the  action  of  the  fire;  the  extent  of  the  heating 
surface  of  a  boiler  depends  on  the  length  and 
diameter  of  the  shell  and  the  number  and  sise  of 
the  tubes  or  flues.  For  ^e  ordinary  tubular 
boiler,  fifteen  square  feet  of  beating  surface  has 
been  neld  to  be  equal  to  one  horse  power:  it  is 
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abo  eastomary  In  caloulatiiig  the  beating  surface 
of  the  shell,  to  consider  that  two- thirds  of  it  is 
exposed  to  the  action  of  heat.  For  internal  fire- 
box boilera  twelve  square  feet  heating  surface  is 
usually  allowed  per  boiae  power 

He&t  Insulator. — ^Any  Bubstance  which 
acts  as  a  non-conductor  of  heat. 

He&t  liiffhtniiiff. — Lightning  visible  in 
bxxMid  flashes  near  the  horizon  and  unac- 
companied by  thunder,  observed  when  a 
storm  is  at  a  great  distance. 

Heat  Radiation. — Radiant  heat  traverses 
air  without  heating  it. 

By  means  of  a  simple  apparatus  it  has 
been  ascertained  that  the  proportion  of  the 
total  heat  radiated  from  different  com- 
bustibles is  as  follows: 

Heat  radiated  f  ro*n  wood,        -        -        nearly  \ 

wood  charooal      -        "      4 
"oil.  -        -        -  "      * 

Heat  rays  proceed  in  staraight  lines  and  the  in- 
tensity of  the  rays  radiated  from  anv  one  source, 
varies  inversely  as  the  square  of  their  distance 
from  the  source.  The  rate  at  which  a  hotter 
body  radiates  heat,  and  at  which  a  colder  body 
absorbs  heat,  depends  upon  the  state  of  the  sur- 
faces of  the  bodies  as  well  as  on  their  tempera- 
tures. The  rates  of  radiation  and  absorption  are 
increased  by  darkness  and  roughness  of  the  sur- 
faces of  the  bodies,  and  diminished  by  smooth- 
ness and  polish.  The  oiling  of  smoothly  polished 
castings,  as  of  cylinder  heads  of  steam  engmes, 
morethan  doubles  the  loss  by  radiation,  while  it 
does  not  seriously  affect  rough  surfaces. 

Heat  Unit. — 1.  Unit  quantity  of  heat;  the 
amount  of  heat  required  to  raise  the  tem- 
perature of  a  unit  mass  of  water  one  de^ee. 

2.  Tne  British  unit  of  heat,  or  Bntish 
thermal  unit  (B.  T.  U.)  is  that  quantity  of 
heat  required  to  raise  the  temperature  of  one 
pound  oi  pure  water  1^  Fahr..  at  oi  near  39.1°  F 

3.  The  French  heat  unit  or  calorie  is  that  quan- 
tity of  heat  required  to  raise  the  temperature  of 
one  kilogramme  of  pure  water  1**  Centigrade,  at 
or  about  4''  C,  which  is  equivalent  to  39.1**  F 

One  calorie  =  3.968  B.  T.  U.;  one  B.  T.  U-  = 
.252  cak>rie. 

Heavy  Escape. — In  telegraphy,  an  exces- 
ive  loss  of  current  due  to  grounding  of  the 
line. 

Heeto. — A  prefix  signifying  one  hundred 
times. 


• — An  electric  current  of  100 


amperes. 

Hecto-ampere  Balance. — ^A  balance  am- 
meter for  measuring  electric  current  in 
terms  of  hecto-amperes. 

Hecto-Watt  Hour. — A  unit  of  electrical 
work  equal  to  100  watt  hours. 


Hed§feho§f  Transformer. — ^A  form  of 
transformer  devised  for  reducing  the  iron 
loss,  having  its  coils  wound  upon  a  core 
consisting  of  a  bundle  of  iron  wires  with 
their  ends  spread  out  like  the  spines  of  a 
hedgehog,  so  that  the  lines  of  force  pass 
partly  through  the  iron  and  partly  through 
the  air. 

Heelinff  Error  of  Compaee  Needle. — 

A  furtner  deviation,  due  to  the  magnetism 
of  the  vessel,  to  which  a  ship's  compass  is 
liable  when  the  ship  is  rolling. 


\ — The  name  of  the  standard  light 
soiux^e  adopted  in  the  United  States  and 
Germany.  It  is  the  light  given  by  an 
amyl-acetate  flame  adjusted  until  its  tip 
is  40  mm.  above  the  top  of  the  wick  tube. 
One  candle  power  equals  ^o^g  hefner. 

Hefiier-Alteneek  Amyl-acetate  Lamp. 

—The  lamp  of  the  Hefner  standard  con- 
sists essentially  of  a  cylindrical  base  for 
holding  the  amyl-acetate  which  is  drawn 
up  through  a  German  silver  tube  by  means 
of  a  specially  prepared  wick. 

Hefiier  Standard. — The  unit  of  light 
adopted  as  standard  in  Germany.  It  is 
the  light  given  by  the  Hefner-Alteneck 
amylacetate  lamp. 

Helical. — Pertaining  to  or  having  the  ap- 
pearance of  a  hdix  or  screw. 

Helical  OoiL — A  coil  of  wire  elongated 
like  the  turns  of  a  screw;  a  helix. 

Helical  Sprin§f. — A  spring  whose  coils 
have  a  gradually  decreasing  diameter, 
either  \y\n^  flat  in  one  plane  like  a  watch 
spring,  or  assuming  a  conical  form.  The 
helical  spring  coiled  on  a  cylinder  is  gener- 
ally known  as  a  spiral  spring. 

Heliojg^aph. — An  instrument  consisting  es- 
sentially of  a  movable  mirror,  employed  in 
signaling,  by  which  beams  of  sunlight  are 
flashed  to  a  distance  in  terms  of  the  tele- 
graphic code. 

Heliopraphic  Tranemiesion.— A  method 
of  signahng  by  the  use  of  the  heliograph. 

Heliopraphy. — 1.  Signaling  by  the  use  of 
the  heliograph. 

2.  The  science  of  describing  and  mapping 
the  surface  of  the  sun. 

HeUon  Lamp. — A  type  of  incandescent 
lamp  having  a  filament  composed  of  a  core 
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of  carbon  which  has  been  treated  with  a 
gaseous  compound  containing  silicon.  The 
metal  enters  the  carbon  and  at  the  same 
time  forms  a  surface  deposit.  The  filament 
18  strong,  will  withstand  much  higher  tempera- 
tures than  cubon,  consumes  less  watts  per  candle 
power,  and  gives  a  white  light  resembling  day- 

Heliofltat. — An  instrument  consisting  of  a 
mirror  kept  in  motion  by  clockwork  in  such 
a  way  as  to  constantly  reflect  the  rays  of 
the  sun  in  a  fixed  direction. 


^. — 1.  A  conducting  coil  or  solenoid. 

2.  The  curve  formed  by  a  straight  line 
traced  on  a  plane  when  the  plane  is  wrapped 
around  a  cylinder;  as,  in  a  screw  thread 
or  the  convolutions  of  a  coiled  conductor; 
a  screw  or  spiral. 

The  length  of  a  helix  is  found  as  follows:  to  the 
square  oftne  circumference  described  by  the  gene- 
rating point  add  the  square  of  the  distance  ad- 
vanced in  one  revolutipn,  and  take  the  square 
root  of  their  sum  multiplied  by  the  number  of 
revolutions  of  the  generating  pomt. 

HelmholtBp  Hermann  Lndwig^  Ferdi- 
nand von.— Bom  1821,  died  1894.  A 
German  scientist  famous  for  his  researches 
in  physics,  and  especially  for  his  discover- 
ies in  optics.  His  treatise  on  SenacUiomt  of 
Tone  (1863)  is  considered  the  most  impor- 
tant work  on  sound  of  the  19th  century.  He 
developed  the  electromagnetic  theory  of  light,  and 
propounded  the  generally  accepted  theory  of 
color.  He  invented  many  important  methods  in 
practical  physics  and  new  physical  apparatus. 

HelmholtB*a  Oalvanometer. — A  tangent 
galvanometer  having  t^o  parallel  coils 
symmetrically  set  on  either  side  of  the 
needle  in  order  to  secure  uniformity  of 
magnetic  field. 

Helm  Indicator. — An  electrical  instru- 
ment for  indicating  the  position  of  a  ship's 
rudder. 

Helpers. — ITn  ski  lied  laborers  assisting 
workmen. 

Hemiflpherieal  Pole  Pieeea. — ^Dynamo 
field  magnet  pole  pieces  so  shaped  as  to 
allow  a  sphencal  space  between  them  for 
the  rotation  of  the  armature. 

Hemlock. — A  variety  of  spruce  or  fir,  used 
largely  for  telegraph  poles,  found  along  the 
northern  border  of  the  United  States  and 
in  Canada.  The  trees  are  of  medium  to 
large  size,  giving  a  light  reddish  gray  tim- 
ber, free  from  resin  ducts  and  moderately 
durable.  The  wood  is  rough  and  splintery.  It 
is  used  for  small  scantlings,  boarding,  and  general 


Kurposes.     A  larger  sised  hemlock,  of  baider  and 
eavier  timber,    abounds  around  Puget  Sound, 
where  it  is  known  as  Alaaka  fir, 

Heniey*0    <{uadrant  Electroscope. — 

An  electroscope  designed  by  Henley  for 
indicating  large  charges  of  electricity;  it 
is  a  pith  ball  electroscope  approaching  an 
electrometer  in  its  operation. 


\ — The  practical  unit  of  aeff-inducHon, 
equal  to  10*  absolute  units  of  induction. 
It  receives  its  name  from  J  Henry,  the 
American  scientist.  The  self-induction  of 
a  circuit  is  one  henry  when  the  induced 
E.  M.  F.  is  one  volt,  while  the  inducing 
current  varies  at  the  rate  of  one  ampere  per 
second. 

The  henry  is,  ther^ore,  the  ooefllcient  by  which 
the  time  rate  of  change  of  the  current  in  the  cir- 
cuit must  be  multiplied,  in  order  to  nve  tiie 
£.  M.  F  of  self-induction  in  the  circuit,  xhe  for- 
mula for  the  henry  is  as  follows: 


henrys  = 


flux 


amperes 


However,  as  in  the  case  of  the  farad,  the  theo- 
retical unit  is  too  great  for  practical  computations, 
which  involves  that  the  millihenry,  or  1-1 ,000th 
henry,  is  the  accepted  tmit.  In  (iole-suspended 
lines  the  inductance  varies  as  the  metAliic  resis- 
tance, the  distance  between  the  wires  on  the 
cross  arm  and  the  number  of  cycles  per  second, 
as  indicated  by  accepted  tables.  Thus,  for  one 
mile  of  No  8  B.  &  S.  copper  wire,  with  a  resis- 
tance of  3.406  ohms,  the  coefficient  of  self-induc- 
tion with  6  inches  between  centres  is  .00163t  andt 
with  12  inches,  .00175. 


Henry,  Joseph.— Bom  1797.  died  1878. 
An  American  physicist  noted  for  his  re- 
searches in  electromagnetism.  He  devel- 
oped the  electromagnet,  which  had  been 
invented  by  Sturgeon  in  England,  so  that 
it  became  an  instrument  of  far  greater 
power  than  before.  In  1831,  he  employed  a  mile 
of  fine  copper  wire  with  an  electromajgnet,  causing 
the  current  to  attract  the  armature  and  strike  a 
beU,  thereby  establishing  the  principle  employed 
in  modem  telegraph  practice.  Me  was  made  a  pro- 
fessor at  Princeton  m  1832,  and  during  his  ex- 
perimenting then,  he  devised  an  arrangement  of 
batteries  and  electromagnets  embodying  the  prin- 
ciple of  the  telegraph  relay  which  made  possible 
long  distance  transmission.  He  was  the  first  to 
observe  mapietic  self-induclion,  and  performed 
important  mvestigations  in  oscillating  electric 
discharges  (1842),  and  other  electrical  phenomena. 
In  184o  he  was  chosen  secretary  of  the  Smithso- 
nian Institution  at  Washington,  an  office  which 
he  held  until  his  death.  As  chairman  of  the 
U.  S.  Lighthouse  Board  he  made  important  tests 
in  marine  signals  and  lights.  In  meteorology, 
terrestrial  magnetism,  and  acoustics  he  carried  on 
important  researches.  Henry  enjoved  an  inter- 
national reputation,  and  is  acknowledged  to  be 
one  of  America's  greatest  scientists. 

Herculee*  Stone. — ^A  name  formerly  given 
to  the  lodestone,  or  magnetite,  the  natural 
magnet. 


rtikMMi 


Hermetical  Seal, 


197 


High  Duty, 


Hermeiieal  Seal. — The  air  tight  sealing 
of  a  glass  or  other  vessel  by  fusion,  as 
illustrated  in  the  incandescent  lamp,  so 
that  no  air  or  gas  can  enter  or  escape. 

HeriB»  Heinrich  Rudolf.— Born  1857, 
died  1894.  A  German  physicist  noted  as 
the  discoverer  of  electromagnetic  waves 
(1888)  which  forms  the  basis  of  wireless 
telegraphy.  He  found  that  waves  pro- 
duced bv  the  spark  of  a  simple  device  called 
the  osoillator.   could  be  detected  by  a  loop  or 

2aare  of  wire  known  as  the  rernnatoT^  and  he  was 
lie  to  show  the  reflection,  refraction,  diffraction, 
and  polarisation  of  the  waves.  These'  remark- 
able disooveries  demonstrated  thepractical  pos- 
sibilities of  radio-telegraphv.  He  also  made 
valuable  experiments  with  electric  phenomena  in 
vacuum  tuMs. 

HortaiaA  Oscillations. — The  same  as 
Hertzian  waves. 

Hertaian  Waves. — E lectromagnetio 
waves  first  observed  and  studied  by  Hertz, 
the  German  physicist;  they  originate  in  a 
rapidly  vibrating  or  alternating  current 
and  are  projected  far  into  the  surrounding 
ether.  Wireless  telegraphy  is  a  practical 
application  of  the  discovery  of  the  action 
01  ether  waves. 

Herti's  Axial  or  Lineal  Oscillator. — 

A  variety  of  Hertz's  oscillator  having 
straight  conductors  instead  of  metal  plates. 

Herta*s  Oscillator. — An  instrument  for 
creating  and  projecting  electromagnetic 
w^aves  devised  by  Hertz  for  his  experiments 
which  laid  the  foundation  of  wireless  teleg- 
raphy. It  consisted  of  two  metal  conduct- 
ors from  each  of  which  extended  a  rod 
terminating  in  a  polished  knob.  By  bringing  the 
knuobs  near  together  without  contact  and  connect- 
ing the  conductora  to  an  induction  coil  a  succes- 
sion of  sparks  were  caused  to  jump  across  the  gap 
between  the  knobs  whereby  suigings  or  waves 
were  set  up  in  the  ether. 

Herta*8  Resonator. — A  device  employed 
by  Hertz  in  his  experiments  with  electro- 
magnetic waves  for  the  purpose  of  detecting 
the  waves  set  up  by  the  oscillator.  It 
consisted  of  a  simple  circle  or  square  of 
wire  containing  a  spark  gap  capable  of 
adjustment. 

Heterochromatic    Photometry.  —  The 

comparison  and  measurement  of  the 
Ulimiinatin^  intensity  of  sources  of  light 
that  differ  m  color. 

Heteroi^neoas  Condactor. — A  non-ho- 
mogeneous   or    non-isotropic    conductor; 


one  that  has  varying  electrical  conducting 
powers  in  different  directions. 

Heteroi^neons  Dielectric. — A  non-ho- 
mogeneous dielectric;  one  that  has  var^ng 
ptroperties  of  induction  in  different  direc- 
tions. 

Heteropolar  Dynamo. — A  bipolar  or 
multipolar  dynamo  in  which  the  armature 
conductors,  in  rotating,  pass  north  and 
south  magnetic  poles  alternately. 

Heterostatic. — A  term  applied  to  an  elec- 
tric measuring  instrument,  such  as  an 
electrostatic  voltmeter,  which  employs  elec- 
trification other  than  that  to  be  tested,  as 
distinguished  from  idiostalic. 

Heterostatic  Electrometer. — An  elec- 
trometer in  which  there  is  present  electric- 
ity independent  of  that  to  be  measured. 

Hewitt*  Peter  Cooper.-— Bom  1861.  An 
American  electrical  engineer  and  experi- 
menter; inventor  of  the  mercury  vapor 
electric  tamp  (1900),  and  the  mercury  vapor 
converter. 


Hezad  Atom. — In  chemistry,  an  atom 
having  the  valency  or  combinmg  power  of 
six  imits,  i.  e.,  of  six  atoms  of  hydrogen. 


Hezhead. — A  shop  term  for  a  hexagon 
head  screw  or  bolt. 

Hezode  Working. — ^In  synchronous  multi- 
plex telegraphy,  the  simultaneous  trans- 
mission of  six  messages  over  the  same 
wire. 

Hi|fh  Admittance  Motor. — An  induction 
motor  having  a  high  degree  of  admittance. 

Hi^h  Commatator  Bars. — Commutator 
segments  which,  owing  to  some  defect, 
have  surfaces  mgher  tnan  the  adjoining 
ones. 

Hiffh  Duty. — Said  of  a  pumping  engine 
^^ch  penorms  a  large  amount  of  work 
for  a  given  unit  of  fuel;  the  number  of  foot 
pounds  per  100  lbs.  of  coal  was  formerly 
taken  as  the  unit  of  duty,  but  in  order  to 
eliminate  the  efficiency  of  the  boiler,  and 

f:rade  of  coal,  the  duty  is  now  usually  based  on 
oot  pounds  of  work  done  per  1000  pounds  of  dry 
steam.  The  term  is  also  applied  to  those  duplex 
pumps  which  have  vibrating  balance  cylinders, 
which  permit  a  high  rate  of  expansion  to  be 
used. 
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High  Economy  Lamp. — A  lamp  which 
has  high  illuminating  power  in  proportion 
to  the  power  absorbed  by  it. 

Hig^h  Frequency. — ^High  periodicity,  or 
exceptionally  rapid  rate  of  alternation  in 
an  electric  current. 

Hig^h  Frequency  Currents. — Alternating 
currents  having  high  periodicity,  or  rapid 
rate  of  alternation. 

lB.igh  Fre<|nency  Induction  Motor. — 

An  induction  motor  driven  by  alternating 
currents  of  high  frequency. 

Hig^h     Frequency     Transformer.  —  A 

transformer  designed  for  use  with  high 
frequency  currents. 

Hi^h  Insulation. — Insulation  having  a 
high  degree  of  efficiency. 

Hig^h  Potential  Insulator. — An  insula- 
tor of  special  size  and  design  usually  made 
of  brown  glaze  porcelain  and  furnished 
with  a  series  of  deep  petticoats^  employed 
on  high  potential  electric  circuits;  a  mgh 
tension  insulator. 

Hig^h  Potential  Push  Button. — A  pu»h 
button  suitable  for  use  in  a  high  potential 
circuit. 

Hi^h  Potential  Switch. — A  switch  de- 
signed for  a  high  potential  circuit. 

Hig^h  Potential  System. — An  indefinite 
term  applied  to  a  system  of  electric  dis- 
tribution carrying  a  pressure  exceeding 
600  volts  High  potentials  may  reach  as 
high  as  88,000  volts  or  even  beyond. 

Hi^h  Potential  Testing  Transformer. 

— A  transformer  designed  for  the  purpose 
of  making  high  potential  tests  up  to  10,000 
volts;  it  is  usually  tested  up  to  35,000 
volts,  and  so  constructed  as  to  avoid  any 
danger  of  breaking  down. 

Hi^h  Potential  Wires.  —  Conductors 
highly  insulated  so  that  they  may  be  used 
in  high  potential  systems. 

Hig^h  Pressure  Cylinder. — In  a  steam 
engine,  the  cylinder  which  first  receives 
steam  as  it  enters  an  engine  from  the  boiler. 
The  initial  cylinder  of  a  compound,  triple, 
quadruple,  or  other  steam  engine  in  which 
expansion  takes  place  in  several  successive 
stages. 


TUigh  Pressure  En§^e. — 1.  A  non-con- 
oensing  engine,  so  called  because  the  first 
non-condensing  engines  carried  a  high 
pressure,  as  compared  with  contemporary 
condensing  ones  as  the  back  pressure  due  to 
the  atmosphere  had  to  be  overcome,  while 
their  rivab  worked  at  or  near  the  atmospheric 
pressure. 

2.  A  simple  engine;  one  not  compounded, 
whether  condensing  or  non- condensing,  one  which 
dischaises  its  steam  directly  into  the  atmosphere. 

Hig^h  Pressure  Incandescent  Lamp. 

— ^Incandescent  lamps  for  high  voltages 
provided  with  long  filaments,  or  pairs  of 
shorter  filaments  joined  in  series. 

Hiffh  Resistance. — An  unusual  degree  of 
electrical  resistance. 

Hig^h  Resistance  Arrester.— A  light- 
ing arrester  offering  a  high  non-inductive 
resistance. 

Hig^h  Resistance  Magnet. — A  magnet 
wound  with  long  coils  of  thin  wire,  offering 
high  reeLstance. 

Hifl^h  Resistance  Telephone. — ^A  tele- 
phone showing  a  high  degree  of  resistance. 

Hiffh  Speed. — A  shop  term,  with  many  sig- 
mfications;  as,  high  speed  engines,  any 
engine  making  over  200  to  300  revolutions 
per  minute.  High  speed  belting  applies  to 
belts  for  fans,  centrifugal  pumps,  etc.,  in 
opposition  to  those  for  line,  counter,  and 
other  slowly  driving  shafts. 

Hig^h  Speed  BearinM. — In  machinery, 
bearings  whose  length  is  considerably 
greater  than  the  diameter.  Their  value 
consists  in  the  distribution  of  the  excessive 
friction  of  rapidly  revolving  shafts  over  a 
large  extent  of  surface,  with  a  consequent 
diminution  of  heating. 

Hig^h  Speed  En^^e. — An  indefinite  term, 
originating  with  the  introduction  of  hori- 
zontal or  vertical  engines  which  ran  much 
quicker  than  the  older  slow  moving  beam 
engine;  it  signifies  an  engine  of  small  or 
moderate  size,  running  at  a  high  speed  of 
revolutions  rather  than  a  large  engine  running  at 
a  high  piston  speed.  A  high  speed  engine  is  well 
adapted  to  running  dynamos,  either  direct  coupled 
or  bv  belt  drive,  and  also  any  other  machine 
which  runs  at  a  high  rotative  speed. 

Hiph  Susceptance  Motor. — A  motor 
having  a  light  ratio  between  the  magnetic 
intensity  and  magnetic  force. 


H%gh  Tension  Accumulator. 
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IBigh  Tension  Accnmalator. — An  ac- 
cumulator for  high  voltages. 

Hig^h  Tension  Bas* — A  bus  bar  designed 
for  high  voltages. 

Hi^h  Tension  Cable. — A  cable  highly  in- 
sulated so  as  to  be  able  to  convey  high 
electrical  pressures. 

Hig^h  Tension  Circuit. — An  electric  cir- 
cuit adapted  to  high  voltages. 

Hi^h  Tension  Fuse. — ^A  fuse  for  explod- 
ing a  charge  by  the  use  of  an  electric  cur- 
rent of  high  voltage. 

Hif^h  Tension  Insulator. — Insulators  of 
extra  size  and  special  design^  and  possess- 
ing great  insulating  properties,  employed 
in  high  tension  electric  circuits.  These 
insulators  are  usually  made  of  brown  glaze 
porcelain  securing  a  long  surface  leakage 

path  from  wire  to  pin  b^  a  series  of  deep  * 'petti- 
coats'* which  increase  m  diameter  towards  the 
top.  The  topmost  shell  oveihanging  the  lower 
ones  protects  them  from  rain  and  the  danger  of 
the  current  ** flashing  over." 

Hi^h  Tension  Switch. — A  switch  designed 
for  a  high  pressure  circuit. 

Hiffh  Vacntun. — An  enclosed  space  from 
which  the  air  has  been  exhausted  to  such 
a  degree  as  to  create  an  almost  perfect  void 

Hiifh  Volta^^ — An  indefinite  term  applied 
to  an  E.  M.  F.  exceeding  600  volts.  Volt- 
ages of  6,600, 11,000, 22,000, 33,000, 44,000, 
66,000,  88,000,  and  even  higher,  are  em- 
ployed on  long  distance  transmission  lines. 

HLorh  Voltage  Electromai^netie 
Generator. — ^An  electromagnetic  gene- 
rator capable  of  creating  a  high  electric 
pressure. 

Hi^h  Voltaic  Incandescent  Lamps. — 

Incandescent  lamps  designed  for  high  volt- 
ages, and  provided  with  specially  construct- 
ed filaments  for  the  purpose. 

Hissings  Arc. — An  arc  lamp  which  gives  off 
a  peculiar  hissing  sound  oecause  the  tips 
of  the  carbons  come  too  near  together;  a 
frying  or  noisy  arc. 

''Hitching^  ^P*** — ^  expression  used  for 
inserting  a  ''oooster''  into  an  electric  sys- 
tem. 

Hittorf  Effect.— The  effect  produced  by 
Hittorf  in  his  vacuum  tube. 


Hittorf,  Johann  Wilhelm.->Bom  1824. 
A  German  chemist  and  physicist,  distin- 
guished for  his  investigations  relating  to 
the  mobility  of  the  ions  in  electrolysis 
(1853),  the  influence  of  magnetism  upon 
the  lignt  in  a  Geissler  tube  (1869),  and  the 
phenomena  t>f  the  conduction  of  electricity 
through  gases. 

Hittorf  Rays. — ^The  forms  of  radiation  ob- 
served in  a  Hittorf  tube. 

Hittorf 's  Solution. — This  consists  of  a 
solution  of  iodide  in  amylic  alcohol  made 
with  ten  per  cent,  of  the  salt.  It  is  used 
as  a  resistance  and  is  placed  in  a  tube  hav- 
ing metallic  cadmium  electrodes. 

Hittorf  Tubes. — Vacuum  tubes  designed 
by  Hittorf  for  his  experiments  with  elec- 
trical discharges  through  highly  rarefied 

Hoist,  Electric. — ^A  hoist  operated  by  a 
steam  engine  with  cranks  at  right  angles 
can  only  be  depended  upon  for  one-half  of 
its  rated  capacity  in  starting,  as  one  of  the 
engines  may  be  on  a  dead  center.  An 
electric  motor,  on  the  other  hand,  has  no 
dead  centere,  and  a  heavy  current  in  excess  of  the 
normal,  can  be  turned  into  the  annature  for  a 
few  moments  without  danger. 

The  power  is  transmitted  to  the  hoist  through 
an  intermediate  gear  and  pinion,  which  is  covered 
with  an  iron  guard,  protectinjc  it  from  dust,  dirt, 
and  liability  of  accddents.  They  are  particularly 
convenient  where  an  electric  current  is  easily 
supplied,  and  are  also  useful  for  contractors  and 
lauroad  work  when  it  is  inconvenient  to  move 
boilers  about  the  line  The  electric  wires  can 
easily  be  run  by  ordinary  worlanen,  and  are  al- 
ways ready  to  tap  at  any  point. 

Holder  for  Incandescent  Lamp. — ^The 
socket  into  which  the  lamp  bulb  is  fitted. 

Holder  for  Safety  Fuse. — ^A  porcelain 
base  for  holding  a  safety  fuse. 

Holders  for  Brushes  of  Dynamo. — Ad- 
justable clutches  for  holding  the  commu- 
tator brushes  of  a  dynamo.  In  order  to 
secure  sparkless  collection  of  the  current, 
and  to  prevent  undue  wear  of  the  commu- 
tator, it  is  needful  that  the  pressure  of  the 
brushes  upon  the  latter  should  be  capable  of  being 
adjusted  to  meet  requirements;  it  is  also  needful 
that  they  should  be  capable  of  being  fed  forward 
as  required,  and  that  they  be  furnished  with  a 
movement  to  permit  of  the  brushes  being  raised 
from  contact  with  the  commutator  when  necessary. 

Hold  Off  Springy. — A  spring  which  serves 
to  effect  a  separation  and  hold  things  apart, 
as  distinguished  from  a  spring  that  pre- 
serves a  contact. 


Hold  On  Spring. — A  spring  that  servea  to 
keep  thin^  in  contact,  as  dlBtin^uiBhed 
[rom  a  spnng  that  e&ecte  a  separation. 

HoUey.  AlexaAd«r  Lyautn. — Bom  1832, 
died  18S2.  An  American  eof^eer  and 
metallurgist.  He  eariy  became  an  expert 
machinist  and  was  employed  in  a  Corliss 
engine  works;  later  he  became  editor  and 
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Holloir  Tile.— Clay  moulded  into  cellular 
forma  and  baked.  This  material  is  used 
in  fireproof  construction  for  floora,  parti' 
tiona  and  the  caaing  around  pillars  and 
Orders.  There  are  two  broadiv  marked 
classes:  (1)  porous  tiling,  in  whicQ  sawdust 
and  chopped  Btmir  are  mixed  with  fine  c]a.j,  and 
tm  burning,  tbs  nwdiut  ii  (oruumed  leayiDg  the 
tUina  epoocy  wid  ponnie,  like  pumiee  etone: 
(2)  bolloir  pottery,  ■□  irhjah   the  denaa  dmy   ia 
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glass  shades  and  reflectors  fitted  to  electric 
and  other  lamps  whereby  the  whole  of  the 
light  is  evenly  diffused  over  a  room.  The 
efiect  is  produoed  by  cutting  the  glass  so  as 
to  form  lenses  which  refract  the  light  at 
Buch  angles  as  to  prevent  waste. 

Holophane  Glabe.— A  glass  globe  for  dif- 
fusing light  provided  with  a  ribbed  surface, 
the  ndges  sometimes  running  vertically  on 
the  interior  surface,  and  horiEontally  on 
the  exterior. 

Holts  Inflneneo  Machine. — An  electro- 
static induction  machine  consisting  eeseu' 
tially  of  two  parallel  plat«B  of  glass,  one  of 
which  is  capable  of  rapid  rotation;  it  is 
fitted  with  suitable  inducting  and  collecting 
devices. 

Holta,  Wllhelm  Theodor  Berahard. — 

Bom  1836.  A  German  physicist,  distin- 
guished for  his  contributions  to  the  science 
of  electricity;  inventor  of  the  electro-etatic 
influence  machine  (1865)  which  bears  his 


HoBie  SIffnal. — A  block  signal  semaphore, 
placed  so  as  to  protect  a  train  standing 
within  the  station  or  section  which  it  covers. 
Approaching  trains  arc  required  to  stop 
short  of  tiiis  signal  if  it  stanoa  at  danger. 

Home  Station. — In  telegraphy,  the  sending 


M. — Of  the  same  kind  or  na- 
homogeneous,   as   applied   to 

jven-grained. 

_  eCondnetor.— Anisotropic 

conductor;  a  conductor  that  has  uniform 
electrical  conducting  powers  in  all  direc- 


_  1  Dieleetrlc. — A  dielectric 

having  uniform  properties  of  induction  in 
all  directiona. 


around  one  pole  of  a  magnet;  a  unipoU'r 
dynamo,  of  which  Faraday's  disc  is  a  type. 

Hood  for  Are  Xiamp. — A  conical  tin  hood 

serving  the  double  purpose  of  sheltering  an 
arc  lamp  and  reflecting  its  Ught  downirard. 


board  within  a  hood. 

Hook  Switch. — In  a  telephone  set,  the 

C'  e  support  upon  which  the  receiver 
ga  when  not  in  use;  it  is  provided  with 
a  switch  lever  so  adjusted  that  when  the 
receiver  is  hfted  off  the  hook,  a  spring 
brings  it  into  contact  with  the  terminal  of 
the  talking  circuit. 

Hop  Syatem  of  Sp>e«  Relations. — A 

system  of  space  relations  assuming  that  an 
advance  with  right  to  left  rotation,  in  the 
manner  of  a  growing  hop  tendril,  is  pontive. 

HorliontaL— Parallel  to  the  horizon;  ex- 
tending in  a  flat  level  surface  like  that  of 
still  water;  at  right  angles  to  the  influence 
of  gravity  at  any  point. 


Horizontal  Candle  Power. 
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Horisontal  Candle  Power*— The  illu- 
minating power  of  a  'source  of  light  in  a 
horizontal  direction. 

HoriaontaFl  Component. — ^The  intensity 
of  a  force  acting  in  a  horizontal  direction. 

HerUontal  Components  of  the  Earth's 
Magnetism* — The  earth's  magnetic  force 
acting  upon  the  compass  needle  in  a  hori- 
zontal direction. 

Horisontal  En^^e* — One  in  which  the 
force  is  exerted  in  a  horizontal  direction, 
or  its  principal  parts  lie  in  a  level  hori- 
zontal plane.  A  horizontal  engine  there- 
fore is  one  whose  cylinder  lies  horizontally, 
its  piston  or  most  important  part  recipro- 
catmg  horizontally. 

Horiaontal  Intensity  of  Earth's  Mag- 
netism*— The  intensity  of  the  horizontal 
component  at  any  point  on  the  earth's  sur- 
face. 

Horiaontal  Intensity  of  Light*~The  il- 
luminating power  of  a  source  of  light  in  a 
horizontal  direction  or  plane. 

Horiaontal  Plane* — A  plane  parallel  to 
the  horizon,  without  inclination  towards 
it.  In  perspective,  a  plane  parallel  to  the 
horizon,  passing  through  the  eye  and  cut- 
tmg  the  perspective  plane  at  right  angles. 

Horiaontal  Slit  Photometer* — A  form 
oi  photometer  in  which  the  intensity  of  the 
light  to  be  measured  is  passed  through  a 
horizontal  slit,  alternating  with  the  stand- 
ard light. 

Horisontal  Tubular  Boiler* — ^In  this 
type,  the  shell  is  filled  with  as  many  small 
tuoes,  varying  from  two  inches  to  four 
inches  in  diameter,  as  is  consistent  with 
the  circulation  and  steam  space.  In  firing, 
the  combustion  first  takes  place  under  the 
shell,  and  the  products,  such  as  heat,  flame, 
and  gas,  pass  through  the  small  tubes  to 
the  chimney. 

Horn  Lightning  Arrester* — A  form  of 

protection  against  lightning,  employed  in 

nigh  tension  transmission  circuits.    A  wire 

bent  like  a  horn  is  placed  at  the  top  of  the 

line  pole  and   connected  to  ground.    It 

is  separated  from  the  line  wire  by  a  short 
distance  acroes  which  the  discharge  jumps  instead 
of  passing  through  the  highly  inducuve  apparatus 
in  the  circuit. 

Horns  of  Pole  Pieces* — ^The  projecting 
terminals  of  the  pole  pieces  of  dynamo  field 
magnets;  the  polar  tips. 


Horoloipr»  Eleetric*-^The  applioaiioa  of 
electricity  to  the  regulation  and  control  of» 
the  movement  of  clocks. 

Horse* — An  appliance  for  supporting  a  dy- 
namo armature  during  the  process  m  wind- 
ing. 

Horse  Power* — A  unit  of  mechanical  pow- 
er; the  power  required  to  raise  650  pounds 
to  the  height  of  one  foot  in  one  second,  or 
33,000  pounds  to  that  height  in  a  minute. 
Horse  power  involves  three  elements:  (1) 

force,  (2)  distance,  (3)  time.  If  we  express 
the  force  'in  pounds  and  the  distance'  passed 
throuf(h  in  feet,  we  have  a  solution  of,  and  the) 
meanmg  for,  the  term  foot  pouruU ;  from  >which  it 
will  be  seen  that  a  foot  pound  is  a  resistance  equali 
to  one  pound  moved  one  foot. 

James  Watt  was  early  asked  by  would-be  pur- 
chasers as  to  how  many  horses  his  engines  would 
peplace.  To  obtain  data  as  to  actual  performance 
m  continuous  work,  he  experimented  with  power-, 
ful  brewery  horses,  and  found  that  one  traveling 
at  2|  miles  per  hour,  or  220  feet  per  minute,  and 
harnessed  to  a  rope  leading  over  a  pulley  and 
down  a  vertical  shaft,  could  haul  up  a  weight 
averaging  100  lbs.,  equaling  22.000  /oot  pounds 
per  minute.  To  give  good  measure.  Watt  in- 
creased the  measurement  by  60%,  thus  getting 
the  familiar  unit  of  33,000  mxnule  foot  pountU. 

Horse  Power*  Electric* — A  unit  of  elec- 
trical work;  being  a  mechanical  horse 
power  expressed  in  watts.  It  is  equal  to 
746  watts.  To  express  the  rate  of  doing 
electrical  work  in  mechanical  horse  power 
units,  divide  the  number  of  watts  by  746. 

• 

Horse  Power  Hour* — A  unit  of  work;  tha 
amount  of  work  done  by  one  horse  poweri 
working  for  one  hour;  1,980,000  foot  pounds. 

Horse  Power  of  Steam  Boilers* — ^The, 
usual  value  given  to  the  term  horse  power 
as  applied  to  boilers,  is  the  evaporation  of 
thirty  pounds  of  water  per  hour,  from  feed 
water  of  100**  Fahrenheit,  into  steam  at  70- 
lbs.  gauge  pressure,  which  in  standard  tests 

is  considered  to  be  equal  to  34^  pounds  of  water 
evaporated  from  a  feed  water  temperature  of 
212^  F.  into  steam,  at  the  same  temperature. 
This  standard  is  equal  to  33305  B.  T.  U.p^r  hour. 
Some  engines  can  develop  a  horse  power  on  this 
number  of  pounds  of  steam  per  hour,  others, 
on  less,  while  many  require  more,  hence  it  is 
about  the  present  average  capacity.  Both  en- 
gineers and  steam  users  have  accepted  this 
standard. 

Horse  Power  Trajismitted  bsr  Leather 

Belts. — In  a  single  leather  belt,  not  over- 
strained, a  speed  of  1000  feet  per  minute 
for  each  inch  in  width,  is  estimated  to  con- 
vey one  horse  power. 

There  are  a  number  of  rules  for  calculating  the 
horae  power  of  belting:  that  one  to  be  followed 
in  any  particular  case  is  laigely  a  matter  of  judg- 
ment.   If  the  thickness  ox  a  belt  be  increased* 
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the  pow«r  transmitted  ought  to  incraue  in  pn>> 
portion.  With  large  pulleys  and  moderate  veloci- 
ties this  probably  nolds  good,  but  when  a  double 
belt  is  used  on.  a  small  pulleyt  there  is  not  such 
efficient  contact  due  to  the  rigidity  of  the  belt, 
faenoe,  in  this  case,  the  power  transmitted  would 
not  increase  in  propottAon  with  the  thickness. 
UzKler  these  conoilionst  a  double  belt  of  not  less 
than  A  the  width  of  a  single  belt  is  assumed  to 
transDUi  tbe-same  power  as  a  aingle  belt. 


Horseshoe  Eleetronub^et. — An  elec- 
tromagnet having  its  core  in  the  shape  of 
a  horseshoe,  or  the  letter  U. 

Horseshoe  Manet. — A  magnet  bent  into 
the  shape  of  aliorseshoe  or  the  letter  U, 
thereby  bringing  the  two  poles  together  so 
that  they  act  at  the  same  time  upon  the 
armature  or  keeper.  A  horseshoe  magnet 
is  made  of  hardened  steel  which  retains  its 
magnetism  a  long  time  after  being  magnetised ;  it 
wUTattract  and  bold  pieces  of  iron  ana  steel.  The 
ends  or  poles  are  named  north  and  south.  The 
"armature**  or  keeper,  which  is  put  across  the 
ends,  has  the  peculiar  property  of  keeping  the 
magnetism  from  beoomixig  weaker. 

Hot* — Having  the  sensation  of  heat  in  a 
high  degree,  or  possessing  or  communica- 
ting sensible  heat.  In  both  senses,  the 
term  implies  a  marked  degree  of  heat,  the 
lower  degrees  being  known  as  warm. 

Hot  Air  EiijB^e. — An  engine  which  utilizes 
the  expansive  force  of  heated  air.  Hot-air 
engines  may  be  grouped  under  two  heads; 
those  in  which  the  au*  is  heated  through  a 
metallic  body,  and  those  in  which  the  air 
is  heated  in  a  fire,  passing  with  the  products 
of  combustion  into  a  cvlinder. 

The  principle  upon  which  a  hot  air  engine  works 
consists  in  uie  siltemate  heating  and  cooling  of 
the  air  employed.  The  lower  part  of  the  vertical 
cylinder  is  exposed  to  the  source  of  heat  in  such 
a  manner  that  the  internal  air  becomes  rapidly 
heated  and  expands,  doing  work  upon  a  power 
pulon.  The  heated  air  exhausts  through  a  re- 
generator or  interchanger,  where  it  parts  with 
some  of  its  heat  to  incoming  air  and  passes  into 
the  compression  cylinder,  where  it  is  rapidly 
cooled,  by  means  of  a  water  jacket,  etc.,  and  is 
then  sent  back  by  another  piston  through  the 
regenerator  to  perform  the  same  cycle  once  more. 

Hotel  Anniiiielator. — An  annunciator  in 
a  hotel  office  having  electric  connection 
with  each  room. 

Hot  CMldinff. — ^The  electroplating  of  gold 
with  the  aid  of  heat,  a  method  especially 
adapted  to  the  gilding  of  small  articles. 
The  use  of  a  hot  bath  has  certain  advan- 
tages over  cold  gilding;  the  deposit  is 
smoother  and  cleaner  and  with  a  deeper 
color,  and  generally  more  durable. 

Hot  Platlnff. — ^Electroplating  by  the  use 
of  a  hot  ba^,  as  in  hot  gilding. 


Hot  Saw.— A  cireular  saw  used  for  cutting 
iron  sections,  rails,  etc.,  to  the  proper  length 
while  still  heated;  any  circular  saw  for 
cutting  hot  metals. 

Hot  Tests* — In  metals,  the  testing  of  iron 
and  steel  bars  and  plates  by  bending  them 
hot  to  a  certain  angle,  both  with  and  across 
the  grain. 

Hot  Tube* — A  tube  or  pipe  lined  inside 
with  porcelain,  to  enable  it  to  withstand 
firmg  through  without  excessive  oxidiza- 
tion. 

Hot  WelL — In  a  condensing  engine,  a  re- 
ceptacle for  the  hot  water  drawn  from  ttie 
condenser  by  the  air  pump.  Sometimes 
this  water  is  returned  to  the  boiler,  being 
drawn  from  the  hot  well  by  the  feed  pump. 

Under  ordinary  conditions,  the  temperature  of 
the  hot  well  varies  from  110**  to  12(r  Fahr.:  occa- 
sionaUy  as  much  as  130°  degrees  is  mamtained 

Hot  Wire  Ammeter. — An  ammeter  de- 
pending for  its  action  upon  the  expansion 
of  a  wire  under  the  influence  of  tne  heat 
produced  in  it  by  the  passage  of  the  electric 
current  to  be  measured. 

Hot  Wire  Instmment* — ^An  electric  meas- 
uring instrument  based  on  the  expansion 
of  a  metal  by  heat.  A  platinum  or  plati- 
num silver  wire  is  heated  by  the  passage 
of  a  current  and  thereby  caused  to  lengthen. 
This  elongation  is  magnified  and  trans- 
mitted to  the  pointer  of  the  instrument. 
This  form  of  instrument  is  applicable  equal- 
ly to  direct  and  alternating  currents. 

Hot  Wire  Thermometer* — A  thermom- 
eter depending  for  its  action  upon  the  un- 
equal expansion  of  two  metals  brazed 
together  in  the  form  of  a  spiral;  a  bi-metal- 
lic  thermometer. 

Hot  Wire  Voltmeter. — ^A  voltmeter  of 
the  Cardew  type  at  one  time  generally  used 
for  alternating  current  work.  It  measures 
the  current  by  the  expansion  of  a  wire  when 
heated  by  the  current  passing  through  it. 
The  slack  in  the  wire  caused  by  the  ei^n- 
sion  is  taken  up  by  a  spring,  and  the  motion 
of  the  spring  is  transmitted  to  the  pointer. 

House  Annaneiator* — An  annunciator 
having  electrical  connection  with  different 
parts  of  a  house. 

House  Mains. — In  a  system  of  parallel  in- 
candescent lamp  distribution  for  building, 
conductors  connecting  the  auxiliary  service 
conductors  with  the  street  mains. 
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House  or  Hotel  System* — ^Telephone 
lines  capable  of  intercomnuiiucatioii,  but 
designed  to  serve  an  area  usually  limited  to 
the  premises  of  a  single  proprietor.  Such 
a  system  may  have  central  switchboard 
in  charge  of  an  attendant^  or  mav  have  a 
switchboard  at  eveiy  station  so  that  each 
user  may  perform  his  own  switching* 

House  Rei^nljbtor. — An  apparatus  for  reg- 
ulating the  candle  power  ot  the  incandes- 
cent lamps  in  a  house. 

House  Service  Conductor. — ^In  incan- 
descent light  distribution,  the  service  wire 
running  from  the  street  mains  to  the  cut 
out  inside  the  building. 

House  Transformer* — A  transformer  em- 
ployed to  change  the  character  of  an  elec- 
tric current  to  be  supplied  to  a  house  or 
other  building,  usually  for  the  purpose  of 
lighting. 

House  Wires. — ^The  wires  employed  m  in- 
side wiring. 

House  Wiring. — In  a  system  of  electrical 
distribution,  that  portion  of  the  wiring 
which  is  within  doors. 

Howler. — A  particularly  noisy  variety  of 
electric  buzzer, 

H.  _  P. — Abbreviation  for  horse  power,  or 
high  pressure. 

H-Poles. — A  pair  of  telegraph  poles  braced  | 
together  by  a  cross  piece  so  as  to  resemble 
the  letter  H.  ' 

H.  R. — Abbreviation  for  high  resistance.       ! 

Hub. — ^The  central  portion  of  a  wheel  from 
which  the  spokes  radiate,  and  which  is' 
bored  for  the  reception  of  the  axle;  the 
nave  of  a  wheel. 

Hughes.   David   Edward.-— Bom  1831, 
died    1900.    An    English- American    elec- 
trician and  inventor;  among  his  notable! 
inventions  are  the  type  printing  telegraph  i 
(1855),   three   forms   of   the   microphone 
(1878),  and  the  induction  balance  (1879). 

Hug^hes'  Eleetromaffnet. — A  form  of: 
electromagnet  devised^ by  Hughes  for  his' 
printing  telegraph;  it  is  a  permanent  horse- 
shoe magnet  provided  with  magnetizing 
coils  upon  its  pole  pieces. 


Hughes*  Induction  Balance. — ^An  appa- 
ratus for  detecting  the  presence  of  a  hidden 
metallic  or  conducting  body  by  the  use  of 
induced  electric  currents. 

Hu|^s*  Microphone. — An  early  form  of 
the  telephone  transmitter,  consisting  of  a 
small  pencil  of  gas  carbon  loosely  held  per- 
pendicularly between  two  carbon  blocks 
tastened  to  a  diaphragm;  the  pencil  micrO' 
phone. 

Hughes*  Printing  Teleffraph. — A  type 

Ennting  tele^ph  devisea  by  Hughes  and 
irgely  used  m  Continental  Europe. 

Hughes*    Theory    of   Kapietism. — A 

theory  proposed  by  Hughes  that  magnet- 
ism is  an  original  property  of  matter,  every 
molecule  of  matter  being  assumed  to  exist 
as  a  natural  magnet.  In  a  magnetized 
substance  the  poles  of  these  molecular 
magnets  are  supposed  to  be  arranged  in 
the  same  direction,  and  in  an  unmagnetized 
body  in  opposite  directions  thus  neutraUz- 
ing  each  other. 

Humidity. — The  watery  vapor  alwajrs  pres- 
ent in  the  atmosphere;  it  varies  with  the 
temperature,  being  greater  during  warm 
weather.  The  degree  of  saturation,  or 
relative  humidity  of  the  air,  is  determined 
by  the  use  of  the  wet  and  dry  bulb  ther- 
mometers. 

The  feeling  of  wetnesB  or  dampness  in  the  air 
does  not  depend  mainly  on  the  absolute  amount 
of  vapor  present,  but  chiefly  on  the  nearness  of* 
that  vapor  to  its  Boluration  poirU  Thus,  on  a 
warm  day  in  summer,  there  is  probably  much  more 
vapor  present  than  on  a  damp  winter  day.  In  the 
latter  case,  the  temperature  of  the  air  is  very 
little  above  the  dew  point:  that  is,  the  air  is 
nearly  saturated  and  a  very  small  fall  of  tempera- 
ture will  oause  the  vapor  to  be  deposited  as 
moisture.  On  the  summer  day,  a  greater  fall  is 
needed  before  the  dew  point  is  reached  and  the 
air  begins  to  feel  damp. 

Hummer,  Electric. — An  electric  buzzer. 

Humming. — A  sound  sometimes  made  by  a 
dynamo  or  motor  because  of  vibrations  of 
the  laminations  of  the  pole  pieces  or  arm- 
ature core. 

Hunning*s  Transmitter. — ^The  earliest 
form  of  carbon  dust  transmitter.  It  was 
devised  by  Henry  Hunnings  in  1881,  and 
in  one  form  or  another  has  displaced  all 
types  previously  invented.  In  tnis  trans- 
nutter  the  variable  resistance  medium  con- 
sisted of  a  mass  of  finely  divided  carbon 
granules  held  between  two  conducting 
plates 
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Hmitiii^* — 1.  A  term  applied  to  the  state 
of  two  parallel  connected  alternators  run- 
ning out  of  step,  or  not  synchronously; 
see-sawing. 

2.  A  condition  which  sometimes  arises 
in  rotary  converters.  It  is  due  to  the 
development  of  a  periodic  vibration  in  speed  that 
causes  fluctuations  in  the  direct  current  voltajgOr 
often  giving  rise  to  excessive  sparking.  Hunting 
may  be  remedied  by  putting  heavy  copper  bridges 
between  the  pole  tips  and  by  placing  a  hmivy 
oopi)er  ring  around  the  pole  force. 

Hydraulic  Crane. — ^A  crane  driven  by  a 
hydraulic  ram  or  piston;  the  stroke  of  the 
ram  being  multiplied  several  times  by 
means  of  a  pulley  system,  thus  giving  a 
long  rapid  lift. 

Hydraulic  Driving. — ^The  driving  of  elec- 
tric machines  by  power  derived  from  falling 
water,  as  in  a  hydro-electric  plant. 

Hydraulic  Jack. — ^A  jack  used  for  lifting 
heavy  weights,  the  load  on  which  is  moved 
by  a  hydraulic  plunger  instead  of  a  screw. 
The  plunger  is  actuated  by  a  small  pump, 
whose  water  supply  is  contained  m  the 
head  of  the  jack.  This  has  been  caUed  the 
seventh  mechanical  power. 

Hydraulic  Lime. — One  possessing  ^  the 
property  of  hardening  under  water.  Limes 
containing  8  to  12  per  cent,  of  silica,  alumi- 
na, etc.,  set  slowly  in  water,  those  contain- 
ing 12  to  20  per  cent,  of  the  same  ingredients 
set  in  six  or  eight  days,  those  termed  emi- 
nently hydraulic,  and  possessing  30  to  50 
per  cent,  of  foreign  matter  harden  in  2  to  4 
days. 

Hydraulic  Pivot. — A  film  of  oil  or  water 
forced  under  the  end  of  an  upright  shaft 
to  absOTb  friction  and  sustain  the  weight. 

Hydraulic  Ram. — A  device  whereby  the 
energy  of  a  fall  of  water  is  made  to  force 
a  portion  of  the  water  to  a  great  height. 
The  water  working  the  ram  is  supplied 
through  a  sloping  pipe,  and  escapes  through 
an  opening;  when  its  velocity  exceeds  a 
certain  rate,  it  closes  this  opening  bv  means  of  a 
balanced  valve,  which  is  made  as  light  as  consis- 
tent with  strength;  the  sudden  stoppage  creates 
intense  pressure  in  the  ram  and  opens  a  delivery 
valve  into  an  air  vessel,  and  thence  drives  the 
water  through  the  delivery  pipe  to  its  destina- 
tion. As  soon  as  equilibrium  is  restored,  the  de- 
livery valve  closes,  the  waste  opens  and  the  ^cle 
recommences. 

Hydraulics. — ^That  branch  of  the  science 
of  engineering  which  treats  of  water  in  mo- 
tion, and  the  application  of  its  laws  to  the 
industries;  as  to  hydro-electric  generation. 


Hydraulic  Storage* — ^A  sUmng  of  me- 
chanical energy  by  accumulating  water  in 
elevated  reservoirs. 

Hydraulic  Transmission* — ^Transmissioa 
of  mechanical  power  by  means  of  pipes 
conveying  a  pressure  of  water. 

Hydraulic  Turbine. — One  driven  by 
water  pressure  or  impulse,  as  distin- 
guished from  one  actuated  by  steam  or 
other  fluid. 

Hydrocarbon. — ^A  compound  of  hydrogen 
and  carbon;  the  possible  number  of  these 
compounds  is  infinite,  and  the  known  num- 
ber very  large.  The  most  important  are: 
(1)  paraffins,  (2)  olefines,  (3)  aceWlenes, 
(4)  benzines  or  aromatic  series.  To  the 
first  belong  gases,  liquids  and  solids,  like  marsh 
gas,  petroleum,  osokerite  and  jet.  Illuminating 
gas,  generally  consists  of  hydrogen  combined  with 
olefines  and  acetylenes.  The  bensines  in  one 
form  or  another  cover  an  immense  "anse,  car> 
bolic  acid,  essential  oils,  tannic  acid,  all  being 
fonned  therefrom. 

Hydrocarbon  Treatment  of  Fila- 
ments.— Applying  the  flashing  process  to 
incandescent  lamp  filaments. 

Hydrochloric  Acid.— A  colorless  gas  with 
keen  acid  smell.  It  liquefies  under  a  pres- 
sure of  40  atmospheres  at  10°  and  solidifies 
at  115°  The  gas  is  very  soluble  in  water 
and  its  solution  behaves  as  a  strong  acid 
It  is  obtained  on  a  large  scale  by  heating 
common  salt  vith  sulphuric  acid.  Hydrochloric 
acid  is  used  for  producing  chlorine;  in  preparing 
the  chlorides  of  various  metals:  in  dyeing  and 
tissue  printing:  in  the  manufacture  of  coal  tar 
colon:  in  electroplating,  a  dilution  is  used  for 
pickling  iron  and  sine:  and  for  manv  other  pur- 
poses. Abo  known  as  muriatic  acid  and  tpiriU 
ofwiL 

Hydrocyanic  Acid. — Prussic  acid,  one  of 
the  most  poisonous  substances  known.  Its 
salts  are  called  cyanides  such  as  potassium 
cyanide  and  mercurous  cyanide.  Potas- 
sium cyanide  is  largely  used  in  extracting 
gold  and  in  electroplating. 

Hydrodynamics. — ^That  branch  of  me- 
chanics which  treats  of  the  laws  of  motion 
and  action  of  water  and  other  liquids. 

Hydro-electric  Bath. — In  electro-thera- 
peutics, a  bath  having  one  electrode  con- 
nected with  the  metal  of  the  tub  and  an- 
other for  application  to  the  patient's  body. 

Hydro-electric  Generator. — K  term  for 
a  generating  set  or  imit  in  which  a  dynamo 
is  coupled  directly  to  a  turbine  or  other 
water  wheel. 
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Vjrdro-eleetrie  Machine. — An  experi- 
mental machine  for  generating  electricity 
by  the  friction  of  jets  of  steam  issuing  from 
an  insulated  boiler  through  wooden  nozzles 
against  a  metal  comb. 

Hjrdro-^leetrie  Plant. — A  power  Btation 
driven  by  water  for  the  generation  of  elec- 
tricity. The  impulse  wheel  is  used  for  hi^ 
heads,  the  turbine  for  low  heads^  and  either 
one  for  moderate  heads.  At  Niagara  Falls 
are  five  important  examples  ot  turbine 
wheel  development,  each  plant  having  an  ulti- 
mate output  of  over  100,000  hoise  power,  and 
distributing  electricity  for  power  aod  lighting 
purpoaes  over  a  wide  area. 

Hydro-eleotro-therapentles. — ^The  ap 
plication  of  electricity  and  water  for  cura- 
tive purposes;  usually  applied  in  the  form 
of  a  bath  furnished  with  suitable  electrodes, 
one  applied  to  the  tub  and  the  other  to  the 
body  ol  the  bather. 

HjrdroMn* — ^A  colorless,  odorless,  tasteless 
gas,  the  lightest  body  known.  Its  specific 
gravity  is  taken  as  1,  air  being  14.4.  It  is 
combustible,  burning  with  an  almost  in- 
visible flame,  if  pure,  and  forming  water  by 
union  with  the  oxygen  of  the  air;  it  is  a 
non-supporter  of  combustion.  Hydrogen 
liquefies  under  jp;reat  pressure  and  low  tem- 
perature, solidifying  at  —431°  Fahr. 

H^dro^n  Flame* — ^The  flame  of  burning 
nydrogen  supplied  with  oxygen,  producing 
an  extreme  heat  sufficient  to  melt  many  re- 
fractory substances.  It  is  usually  known 
as  oxyhydrogen  flame. 

Hydrogen  Voltmeter. — ^A  voltmeter  de- 
pending for  its  action  unon  the  amount  of 
njrdrogen  liberated  unaer  certain  condi- 
tions. 

Hydrometer. — ^An  instrument  for  measur- 
mg  the  specific  gravity  of  liquids.  It  is 
usually  constructed  of  glass  and  consists 
of :  1,  a  graduated  stem,  a  fine  tube  of  uni- 
form diameter;  2,  a  bulb  or  enlargement 
of  the  tube  containing  air;  3,  a  small  bulb 
at  the  bottom,  containing  shot  or  mercury  which 
eauaea  the  inatnxment  to  float  in  a  vertical  posi- 
tion. The  graduations  represent  either  specific 
gravities,  or  the  numbers  of  an  arbitiaiy  scale* 
as  in  Baum^'s,  Beck's,  Twaddel's,  etc. 

Hydrometrle  Teleipmpli.— An  apparatus 
for  signaling  by  the  use  of  water  pressure. 

Hjdro-platinnm  Rheostat. — ^A  rheostat 
offering  water  resistance  provided  with 
electrodes  of  platinum. 


Hydrostatic  Balance. — ^A  balance  for 
weighing  substances  in  water,  for  the  pur- 
pose of  fiscertaining  their  specific  gravities. 

HT-drostatic  Bed. — In  hydraulics,  a  water 
bed;  as,  that  of  a  pond. 

Hydrostatic  Level. — ^An  ingenious  meth- 
od of  ascertaining  whether  walls,  etc.,  are 
level  with  each  other,  although  wide  spaces 
intervene.  Two  large  graduated  vessels, 
resembling  beakers,    arc   connected    near 

their  bases  by  flexible  rubber  tubes.  On 
filling  them  wiui  water  and  placing  a  beaker  on 
either  wall  to  be  compared,  the  height  in  each 
graduated  vessel  will  at  once  proclaim  the  rela- 
tive level  of  each  surface. 

Hydrostatic  Paradox. — The  principle 
that  anv  quantity  of  fluid  however  small 
may  balance  any  weight  however  great. 

Hydrostatics. — ^That  branch  of  phvsics 
which  treats  of  the  laws  governing  fluids 
at  rest,  as  distinguished  fPom  hydraulics, 
which  refers  to  them  in  motion. 

Hydrostatic  Wire  Testing  Kachine. 

— A  machine  for  testing  the  strength  of 
wires  by  hydraulic  pressure. 

Hydrotasimeter»  Electric. — ^An  electric- 
al instrument  for  indicating  at  a  distance 
the  height  of  a  water  level. 

Usually  a  float  is  placed  in  the  water  and  con- 
nected with  an  electric  circuit.  The  action  of 
the  float  sends  positive  impulses  when  risinfc,  and 
negative  impulses  when  fallinff ;  an  index  registers 
these.  Positive  currents  produce  a  motion  in  one 
direction  and  negative  currents  a  motion  in  the 
opposite  direction. 

Hjrg^rometer. — An  instrument  for  measur- 
mg  the  proportion  of  aqueous  vapor  in  the 
atmosphere;  a  usual  form  is  that  known 
as  the  wet  and  dry  bulb  thermometer.  This 
consists  of  two  eaual  thermometers  mount- 
ed side  by  side,  tne  bulb  of  one  being  kept 
moistiby  means  of  a  wiclc  tied  around  it,  which 
dips  iSto  a  vessel  of  water.  Owing  to  the  evapo- 
ration  from  this  bulb,  its  temperature  is  lower 
than  that  of  the  other,  the  difference  depending 
upon  the  amount  of  moisture  in  the  air.  There 
is  no  real  relation  between  the  hygrometric  read- 
ings and  the  actual  state  of  the  atmosphere,  but 
the  hygrometric  state  is  deduced  from  reference 
to  taoMS  compiled  from  accurate  observations 
with  most  elaborate  instruments. 

Hypothesis. — A  tentative  theory  or  as- 
sumption adopted  for  the  explanation  of 
certain  facts,  and  serving  as  the  basis  of 
further  investigation. 

HjrpsoBieter. — An  instrument  for  measur* 
mg  the  height  of  mountains,  conaJHting 
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essentially  of  a  sensitive  thermometer  by 
which  the  temperature  of  the  boiling  point 
of  water  at  a  given  elevation  is  determmed; 
a  thermo-barometer, 

Harsteresial  Dissipation  of  Eners^* — 

The  loss  of  energy  due  to  hysteresis  m  a 
magnetic  substance. 

Hvsteresimeter. — ^A  device  for  measuring 
hysteresis  loss  by  mechanical  torque.  It 
consists  of  a  U  shaped  magnet  which  can 
be  rotated  around  a  vertical  axis.  The 
sample  sheets  of  iron  or  steel  to  be  tested 
are  mounted  in  the  form  of  a  ring  between 
the  poles  of  the  ma^et  upon  a  support  which 
tends  to  revolve,  but  is  helcf  by  a  spring.  When 
the  magnet  rotates  the  sample  under  test  turns 
by  an  angle  at  which  the  hysteresis  torque  bal« 
ances  the  pull  of  the  spring.  Other  forms  of 
testing  apparatus  employ  the  same  principle. 

Hysteresis. — ^A  peculiar  quality  of  an  iron 
core,  such  as  an  armature  core  undergoing 
rapid  reversals  of  magnetism,  by  which 
there  occurs  an  expenditure  of  energy  which 
is  converted  into  heat.  This  loss  of  energy 
is  due  to  the  work  required  to  change  the 
position  of  the  molecules  of  the  iron,  and  takes 
place  both  in  the  process  of  magnetizing  and  de- 
maipetising;  the  ma^etism  in  each  case  laming 
behmd  the  force;  ttattc  hysteresis  as  distinguisnea 
from  viacoits  hysteresis. 

Ewing  gives  the  value  in  ergs  for  the  energy  dis- 
sipated per  cubic  centimeter,  Tor  a  complete  cycle 
or  doubliy  reversed,  strong  magnetisation,  vis. : 

Very  soft  annealed  iron 9.300  eroi 

Less    "  *'  "  16  300     * 

Hard  drawn  steel  wire . . '.  *. '. ".  *. '. '. '. '. '.  *.  60,000    " 


Annealed  steel  wire 70,500  ergs 

Same  steeU  glass  hard 76.000     " 

Piano  steel  wire,  normal  temper. . .  .116,000     ** 

Same,  annealed 94,000    V 

Same,  glass  hard 117,000     " 

Hysteresis  Coefficient  or  Constant. — 

The  amount  of  energy  lost  in  magnetizing 
and  demagnetizing  a  unit  volume  of  mate- 
rial is  the  hysteresis  coefficient  of  the  mate- 
rial. 

Hysteresis  Loop. — Loops  plotted  in  graph- 
ic curves  of  cycles  of  magnetization  to 
illustrate  the  waste  of  energy  due  to  hyster- 
esis. 

Hysteresis  Losses* — ^Waste  of  energy  due 
to  hysteresis  in  a  magnetic  substance. 

Hysteresis^  Keasnrer. — An  instrument 
for  estimating  the  coefficient  of  hysteresis 
of  a  magnetic  substance. 

Hysteresis  Meter. — ^The  same  as  hystere- 
simeter.  An  instrument  for  measuring 
hysteresis  loss  by  mechanical  torque. 

H^steretie  Activity. — ^Activity  engaged 
m  causing  hysteresis. 

Hysteretie  Cycle. — ^A  cycle  of  magnetiza- 
tion and  its  reversal,  involving  hysteresis. 

Hy;steretie  Lasr* — ^Lagging  of  magnetiza- 
tion caused  by  hysteresis. 


J 


I.— 1.  AbbreviatioD  for  intnudty  of 
magnetUatioD. 

2.  A  eymbd  for  the  BtrengUi 
of  electric  current. 

la.  Im  MstaL — A  nickel  copper 
alloy  employed  in  the  constrao- 
tion    of   eleictrical    inBtrumenU, 
resistanoee,  etc.     It  is  not  aseoted  by 
moisture;   ia  permaneat   and   has  a  very 
low  temperature  cccffieient  of  reaigtance. 


I-B«»in. — A  rolled  joiat  or  beam  resembling 
the  capital  letter  I  in  croes  section.  Such 
beama  are  economical  of  material  through 
eliroinatioQ  of  redundant  material  near  the 
neutral  axia. 

Ie«  Clearer. — A  trolley  wheel  specially 
conatructed  for  removing  ice  from  tne  trol- 
ley vrire. 

Id«al  Solenoid. — A  solenoid  conceived  to 
be  built  up  of  a  system  of  independent  cir- 
cular  currenta,  equal,  parallel,  and  uniform 
in  direction. 

Identical  Electrode  Cell. — ^A.  variety  of 
double  fluid  voltaic  cell,  having  both  elec- 
trodea  of  the  same  metal;  a  one-metal  cell. 


which  become  electrified  by  friction. 

Idioatatle. — A  term  applied  to  an  electric 
measuring  inatrument,  such  aa  an  electro- 
static voltmeter^  in  which  the  only  electri- 
fication pr^nt  18  that  which  is  to  be  tested, 
as  distinguished  from  hetfoalaik. 


Idioatatle  Voltmeter. — A  voltmeter  in 
which  there  is  present  only  the  electricity 
to  be  measurea,  as  distinguisbed  from  a 
heteroetatic  electrometer. 

Idle  OoU. — In  armature  winding,  when  the 
number  of  slots  does  not  satisfy  the  winding 
formula,  an  extra  coil  is  inserted  which 
serves  to  give  the  armature  symmetry  and 
adda  to  i^  strength,  but  which  cames  no 


current.  The  Idle  ocai  may  be 
connected  to  an  extra  oommu- 
tatoT  bar  on  one  side,  or  it  may 
be  insulated  on  both  ends. 

Idle   Current. — A    name   eome- 

times  given  to  that  component  of 

an  alternating  current  at  right 

anglee  to  the  E.  H.  F.  and  contributing 

nothing  to  the  power. 

If  the  an^e  (^  lag  be  cos  *,  then  the 
1  watts  is  E  C  cos  4.    The  product 

aay  be  icsarded  u  the  reaolved  part  of 
ni,  which  u  in  tfa«  Hma  phue  ■■  0<» 

itive  for™  E,  whilo  ttii       -     '  '" 


R 


mU;  also  called  ti 


a   t   diUta 

!   foree  by  90°.    Tha  p 


Idle  Poles. — Poles  in  a  Crookee'  vacuum 
tube,  which  are  not  intended  to  produce  an 
electric  discharge,  but  are  introduced  for 
other  experimental  purposes. 

Idler. — 1.  In  gearing,  a  tooth  wheel  oecuity- 
ing  an  intermediate  position  in  a  train, 
which  communicates  moticn  frcxn  the 
driver  to  the  follower. 

2.  A  pulley  or  drum  which  supports  a 
belt  or  prevents  it  from  coming  into  con- 
tact with  a  Btationory  part. 

3.  An  adiustitble  puUBy  which  bean  aaainit  a 
belt  (or  the  puipoM  of  pmcrvina  pioper  leoiion. 

Idler  Wheal. — A  wheel  introduced  into  a 
train  of  gearing  for  the  purpose  of  fillrag 
up  a  gap,  or  of  changing  the  direction  of 
motion  without  influencing  the  velocity 
ratio;  called  also  cock  toAed. 

Idle  Wire. — 1.  A  wire  which  does  not  con- 
vey a  useful  electric  current. 

2.  An  armature  coil  which  doee  not  gen- 
erate electromotive  force;  an  idle  coil. 

Igneona.— Caused  by  fire ;  a  tenn  applied  to 
such  rocks  aa  lava,  granite,  quartz,  etc., 
which  were  formed  under  the  action  of  beat; 

Igniter. — 1.  A  device,  either  portable  or  at- 
tached to  a  lamp  or  fire  to  Ught  it;  an  elec- 
trical or  other  attaehmeDt  to  internal 
combustitm  engines  for  ignition  of  tbe 
charge. 
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2.  A  strip  of  carbon  connecting  the  ends 
of  the  parallel  carbons  of  an  arc  lamp  of 
the  Jablochkofif  type,  whereby,  upon  the 
passage  of  the  current,  an  arc  is  formed. 

Il^nitioiu — 1.  The  act  of  igniting,  kindling, 
or  setting  on  fire. 
'         2.  The  state  of  being  ignited  or  kindled. 

'  Ifl^tion*  Electric. — ^A  method  of  firing 
the  *' mixture"  in  an  internal  combustion 

'  engine  by  the  aid  of  an  electric  spark.  It 
is  largely  used  in  automobile  work  in  which 
two  systems  are  recognized,  viz.:  the  prir 
mary,  or  *'make.  and  break"  spark,  also 
called  "  touch-spark  '\  etc.,  and  the  secondaxy  or 
**  jump-spark."  These  systems  require  an  electric 
source  such  as  a  battery  or  magneto. 

'  Ifl^tion  Plus. — A  screwed  plug  inserted 
into  the  cylii^er  wall  or  head  of  an  explo- 
sive engine;  it  has  two  electrodes  or  spark 
points,  one  of  which  is  grounded  to  the 
cylinder  and  the  other  insulated. 

!•  H.  P. — Abbreviation  for  indicated  horse 
power. 

!•  L — A  signal  in  telegraphy  for  indicating 
the  separation  of  the  words  of  a  message 
from  tne  signature  of  the  sender. 

niaminajit. — That  which  illuminates  or 
produces  Ught. 

Illumiikated  Dial  Instntmeiit. — ^An  in- 
strument having  a  translucent  dial,  which, 
when  lighted  up  from  within,  renders  the 
pointer  and  scale  visible  in  the  darkness. 

Illniiiiiiatin^  Engineering^. — The  prac- 
tice of  producing  and  distributing  artificial 
light  consistently  with  high  scientific  stand- 
ards. 

niaminatinif  Gas.  —  Hydrocarbon  gas 
supplied  through  piping  from  a  central 
source  or  place  of  manufacture,  and  whose 
flame  is  used  for  lighting  purposes.  It  is 
generally  obtained  by  means  of  the  destruc- 
tive distillation  of  bituminous  coal  in -closed 
retorts,  yielding  a  number  of  very  complex  hydro- 
carbons. Water  gas  is  made  by  the  decomposi- 
tion of  steam  blown  through  red  hot  fueU  yielding 
hydrogen  and  carbon  monoxide.  The  two  pro- 
cesses are  frequently  used  in  conjunction,  the 
coke  or  residue  from  coal  gas  manufacture  fur- 
nishing the  fuel  for  the  water  gas.  Oil  gas  is 
made  oy  spraying  petroleum  in  heated  retorts, 
oonvertmg  the  hquid  into  a  fixed  gas,  burnt 
either  by  itself,  or  used  to  enrich  coal  or  water 
gas.  In  certam  places  natural  gas,  principally 
methane,  issiies  from  the  earth  and  is  used  as  an 
iliuminant. 

Tllnminating  Poorer. — The  amount  of  il- 
lumination which  a  source  of  light  is  capable 


of  producing  stated  in  terms  of  a  unit  of 
illumination. 


Illumination. — ^The  state  of  being  lighted 
up,  or  illuminated. 

ninmined  Dial  Keasnrin^  Instra- 
ment.— An  instrument  for  electrical  meas- 
urement having  a  translucent  dial  which 
ma  V  be  so  illuminated  as  to  render  the  index 
and  scale  visible  in  the  darkness. 

ninmined  Electrode. — In  a  selenium  cell, 
the  electrode  which  responds  to  the  action 
of  light. 

ninminometer. — A  simple  form  of  photom- 
eter for  comparing  illuminations  with  ap- 
proximate accuracy.  It  works  on  the 
{)rinciple  of  an  extinction  photometer,  the 
ight  being  varied  until  certain  test  charac- 
ters become  invisible. 

Imaffe»  Electric. — As  defined  by  Max- 
weU:  "An  electrified  point  or  system  of 
points  on  one  side  of  a  surface,  which  would 
produce  on  the  other  side  of  that  surface 
the  same  electrical  action  which  the  actual 
electrification  of  that  surface  really  does 
produce." 

Imbibition  Currents. — Currents  in  tissues 
due  to  the  absorption  of  fluids. 

Immereion  Gilding^. — ^A  method  of  gilding 
an  object  by  simply  immersing  it  in  a  proper 
solution  of  gold. 

Immersion  Objective. — ^The  objective  of 
a  microscope  from  which  the  object  to  be 
examined  can  be  suspended  by  a  drop  of 
clear  liquid. 

Impact. — The  force  of  the  collision  of  one 

body  against  another.     Impact  is  direct 

and  oblique.     When  a  body  hits  a  plane 

surface,  it  rebounds  at  an  angle  equal  to 

that  at  which  it  approached  the  plane.    If 

two  perfectly  elastic  bodies  impinge  on 
each  other,  their  relative  velocities  will  be  the 
same  after  impact  as  before:  that  is,  tiiey  will 
recede  from  each  other  with  the  same  velocity 
with  which  they  approached. 

Impedance. — ^The  total  opposition  in  an 
electric  circuit  to  the  flow  ot  an  alternating 
current;  being  made  up  of  the  actual  or 
ohmic  resistance  and  tne  ^apparent  resist- 
ance due  to  self-induction. 

The  self-induction  part  of  the  impedance  offered 
by  a  coil  varies  with  ^  the  rate  at  which  lines  of 
force  cut  the  convolutions;  that  is  to  say,  it  varies 
with  the  rate  of  alternation,  and  also  with  tihe 
amplitude  and  shape  of  the  current  wave.     If 
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an  altemating  eurrent  be  applied  to  a  ooil  having 
a  resistanoe  of  R  ohma  ana  a  coefficient  of  aeli- 
induction  of  L  henries,  when  the  eunent  curve 
follows  the  sine  law,  Uie 

Impedance  =  v  R'  +  p*  L> 

in  which,  p  =  2xn,  where  n  represents  the  number 
of  complete  alternations  per  second. 

ImpedaAce  Circnit* — An  electric  circuit 
in  which  impedance  exists. 

Impedance  Coil. — A  name  given  to  a  re- 
actance or  choke  coil  which  is  sometimes 
introduced  into  a  circuit,  as  with  alter- 
nating current  electric  lamps,  in  place  of  a 
resistance.  It  consists  of  a  cofl  of  wire 
wound  upon  an  iron  core. 

ImpedaAce  Factor. — ^The  ratio  of  the 
impedance  to  the  ohmic  resistance  in  an 
electric  circuit. 

Impedance  Rash. — The  sudden  burst  of 
current  which  enters  an  inductive  circuit 
at  the  moment  it  is  closed. 

Impediment. — The  combined  resistance  in 
a  circuit  including  ohmic  resistance,  self- 
induction,  and  capacity. 

Impenetrability. — That  property  of  mat- 
ter which  renders  it  impossible  for  two 
bodies  to  occupy  the  same  space  at  the 
same  time. 

Imperfect  Earth. — A  fault  in  an  electric 
curcuit  due  to  an  imperfect  grounding  or 
connection  with  earth  through  a  defect  in 
the  insulation;  a  partial  earth. 

Impinge. — ^To  fall  or  dash  against;  to  clash 
with. 

Implement. — Whatever  may  supply  a  want; 
especially  an  instrument  or  utensil,  as 
supplying  a  thing  requisite  to  an  end;  as, 
an  implement  of  industry. 

Imponderable. — Without  weight;  a  term 
httle  used  in  modem  science,  but  formerly 
applied  in  general  to  heat,  light,  electricity 
and  magnetism,  which  were  regarded  as 
material  substances  having  no  weight. 

Impounding  Reservoir. — In  hydraulics, 
a  large  reservoir  where  water  supply  from 
rivers  may  be  received  preparatory  to  fil- 
tering* the  impounding  reservoir  is  large 
enougD  to.  permit  some  preparatory  settling. 

Imprefl^nated  Carbon. — Carbon  prepared 
for  use  as  an  electrode  in  iha  flaming  arc 


lamp.  In  order  that  the  carbon  shall  give 
ofif  at  the  temperature  of  the  arc  a  strongly 
luminous  vapor,  it  is  sometimes  impreg- 
nated with  common  salt  which  causes  it  to 
give,  in  the  arc,  a  brilliant  yellow  flame.  Other 
materiaUi  are  alao  uaed  for  unpregnatiog  the  car- 
bon, especially  calcium  fluoriae  which  produces  a 
golden  light  of  great  intensity. 

Impregnated  Pole. — A  wooden  pole  for 
carrymg  line  wires,  which  has  been  pro- 
tected against  decay  by  having  creosote  or 
other  preservative  forced  into  the  fiber  of 
the  wood.  The  life  of  the  pole  may  in  this 
way  be  increased  from  three  to  tenfold. 

Impressed. — Brought  to  bear  upon;  pres- 
sure exerted  upon. 

Inmreued    Electromotive     Force.  — 

Tne  E.  M.  F.  put  upon  a  circuit  to  create  a 
current,  as  distinguished  from  any  counter 
electromotive  forces  in  the  circuit  due  to 
self-induction,  etc. 

Impressed  Field. — An  electric  or  magnet- 
ic field  applied  to  a  bodv  or  area  in  order 
to  produce  other  fields  of  force. 

Impolse. — An  ^  electromotive  force  which 
produces  an  impulsive  rush  of  electricity 
or  impulsive  discharge,  as  distinguishea 
from  an  ordinary  £.  M.  F.  which  produces 
a  steady  current. 

Impulse  Tnrbine. — In  hydraulics,  a  motor 
in  which  the  fluid  is  directed  by  means  of 
a  series  of  nozzles,  the  vanes  of  which  it 
drives. 

Impulsion  Effect. — ^The  effect  unon  a  pho- 
to-electric cell  produced  by  mecnanical  or 
electromagnetic  impulses. 

Impulsive  Current  Rush  in  Inductive 
Circuit. — A  rush  of  electric  current  which 
is  liable  to  take  place  when  a  transformer 
is  switched  into  an  active  conductor. 

Impulsive  Dischari^. — A  disruptive  dis- 
charge which  occurs  when  a  difference  of 
potential  is  suddenly  produced  in  a  con- 
ductor. 

Impulsive  Impedance. — The  impedance 
or  opposition  offered  to  an  oscillating  dis- 
charge, as  of  a  Leyden  jar. 

Impulsive  Inductance. — ^The  inductance 
of  a  circuit  in  which  an  impulsive  discharge 
takes  place. 
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ImpnlBlTe  Load. — A  load  suddenly  ap- 
plied to  a  structure,  subjecting  it  not  only 
to  the  actual  dead  weight,  but  also  to  the 
accumulation  of  energy  gathered  in  its 
motion.    Also  called  live  load. 

ImpolfliTe  Permittajice. — ^The  permit- 
tance of  a  circuit  upon  the  passing  of  an 
impulsive  discharge. 

Inactive  Molecules. — Those  molecules  of 
an  electrolyte  which  are  not  decomposed 
by  the  action  of  the  electric  current,  and 
hence  do  not  produce  ions  at  the  electrodes. 

In  Bridge. — A  parallel  or  multiple  connec- 
tion in  a  circuit,  as  distinguished  from  a 
series  connection. 

Incandesce. — ^To  give  Ught,  or  glow,  at  a 
white  heat. 

Incandescence. — ^The  glowing  of  a  sub- 
stance when  heated  white  hot. 

Incandescence*  Electric-^The  glowing 
of  a  substance  when  heated  white  hot  by 
an  electric  current.  Incandescence  is  pro- 
duced by  the  passage  of  a  current  of  high 
intensity  through  a  conductor  of  high  re- 
sistance; the  temperature  in  a  non-homo- 
geneous conductor  is  highest  in  those  por- 
tions where  the  resistance  is  highest  and 
the  radiation  smallest. 

Incandescent. — ^That  which  gives  light  or 
glows  at  a  white  heat. 

Incandescent  Ball  Electric  Lamp. — 

An  incandescent  lamp  having  a  carbon 
ball  within  an  exhausted  glass  bulb;  the 
carbon  becoming  luminous  by  the  influence 
of  high  frequency  electrostatic  waves. 

Incandescent  Bombardment  Lamp. — 

An  electric  lamp  iti  which  the  incandescence 
is  produced  by  the  molecular  bombardment 
of  an  electric  discharge  in  a  vacuum. 

Incandescent  Circuit. — ^The  electric  cir- 
cuit which  operates  incandescent  lamps. 

Incandescent  Cut  Out. — A  cut  out  or 

safety  fuse  employed  within  a  cireixit  for 
incandescent  lamps. 

Incandescent     Electric    Lig>htln^.  -» 

Lighting  by  the  use  of  incandescent  lamps. 

Incandescent  Filament. — A  thin  wire  or 
filament  of  infusible  conducting  material 


which  is  caused  to  incandesce  within  the 
bulb  of  an  electric  lamp. 

Incandesceut  Generator. — A  dynamo 
employed  to  operate  an  incandescent  lamp 
system. 

Incandescent  Lamp.— ^An  electric  lamp 
giving  light  from  the  incandescence  of  a 
slender  filament  consisting  of  some  conduct- 
ing refractory  material  enclosed  within  an 
exhausted  glass  chamber.  Carbonized  pa- 
per or  bamboo  fiber  was  at  first  used  for 

the  filament,  but  this  was  superseded  by  carbo- 
nised cellulose  which  held  tiie  field  for  many  ye&n. 
Efforts  to  secure  a  filament  of  greater  efficiency 
have  resulted  in  imiwrtant  developments,  among 
which  may  be  mentioned  the  mettUlized  filament 
in  which  the  carbon  is  converted  to  graphite,  and 
various  filaments  composed  of  rare  metals  as  used 
in  the  osmium,  tantalum,  tungsten  and  other  new 
lamps. 

Incandescent  Lamp  Base. — The  brass 
base  which  is  attached  to  the  lamp  bulb 
by  plaster,  and  which  contains  the  contact 
for  bringing  the  filament  into  connection 
with  the  electric  circuit. 

Incandescent  Lamp  Cord. — The  flexible 
cord  composed  of  two  insulated  conduct- 
ors, employed  in  connection  with  pendant 
incandescent  lamps. 

Incandescent  Lamp  Socket. — The  sock- 
et provided  with  contacts,  into  which  the 
base  of  an  incandescent  lamp  is  designed 
to  fit. 

Incandescent  Kantle  Burner. — A  lamp 
provided  with  a  mantle  of  inflexible  gauze 
which  becomes  incandescent  in  a  Bunsen 
flame. 

Inch. — A  measure  of  length,  the  twelfth  part 
of  a  foot,  commonly  subdivided  either 
decimally,  as  for  scientific  purposes,  or 
into  eighths,  sixteenths,  etc.  It  was  also 
formerly  divided  into  twelve  parts,  called 
lineSf  and  originally  into  three  parts,  called 
barleycorns,  its  length  being  supposed  to 
have  been  determined  from  three  grains  of 
barley  placed  end  to  end  lengthwise. 

Inch  Pound. — ^In  mechanics,  a  unit  of  cal- 
culation signifying  one  pound  lifted  one 
inch. 

Inch  Ton. — ^In  mechanics,  a  unit  of  calcu- 
lation denoting  one  ton  lifted  one  inch. 

Inclination  Compass. — An  inclinometer, 
or  instrument,  having  a  magnetic  needle 
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moving  only  in  a  vertical  plane,  designed 
to  indicate  the  magnetic  inclination  or  dip 
at  any  point  on  the  earth's  surface;  also 
called  indinoHon  magnetometer, 

Ineliiuitioii  Map. — An  isoclinic  chart  upon 
which  is  drawn  a  system  of  lines  passing 
through  all  the  points  on  the  earth's  surface 
which  have  the  same  magnetic  inclination 
or  dip. 

Inclination  of  Magnetic  Needle. — The 

dip  of  a  magnetic  needle;  the  angle  which 
a  magnetic  needle,  turning  ui>on  a  horizon- 
tal axis,  makes  with  the  norizontal  plane, 
due  to  the  fact  that  in  most  places  the  lines 
of  force  are  not  horizontal.  In  the  north- 
em  hemisphere  it  is  the  N  pole  of  the  needle 
which  is  depressed;  in  the  southern  hemi- 
sphere it  is  the  S  pole. 

Inclined  Plane. — A  slope  or  flat  surface 
inclined  to  the  horizon,  on  which  weights 
may  be  raised.  By  ^ch  substitution  of  a 
sloping  path  for  a  direct  upward  line  of 
ascent,  a  given  weight  can  oe  raised  by  a 
power  less  than  itself.  The  simplest  ex- 
ample we  have  of  the  application  of  the  inclined 
plane  is  that  of  a  plank  oeins  raised  at  the  rear 
end  of  a  cart  for  the  purpoee  of  rolling  in  heavy 
articles,  as  barrels  or  nonheads. 

Inclinometer. — 1.  An  inclination  compmss. 

2.  An    instrument    for    measuring    the 

rates  of  slopes  or  inclinations,  by  means  of 

a  spirit  level  and  a  graduated  arc.    A  di" 

nometer  or  batter  measure. 

Incombustible. — Not  capable  of  being 
burned,  or  consumed;  as,  asbestos  is  an 
incombustible  substance. 

Ineoniing[  CaU. — ^A  telephone  call  received 
at  a  station  from  without,  as  distinguished 
from  an  outgoing  call,  or  one  issuing  from 
the  station. 

Incoming  Call  Trunk  Iiine. — ^A  tele- 
phone Ime  employed  at  a  central  station 
tor  receiving  incoming  calls. 

Incondn^  End. — ^The  end  of  a  telephone 
line  at  which  incoming  calls  are  received 
by  an  exchange. 

Incoming  Junction  Board. — ^In  a  cen- 
tral telephone  station,  a  switchboard  for 
the  reception  and  distribution  of  incoming 
junction  wires. 

Incoming  Lines. — Telephone  lines  by 
which  calls  are  received  at  an  exchange. 


Incoming  Slg^mls* — ^Telegraphic  messages 
which  arrive  at  the  home  station. 

Incoming  Wires. — ^Any  wires  leading  into 
a  place  or  apparatus. 

Incomplete  Circuit. — ^An  open  circuit,  as 
distinguished  from  a  complete  or  closed 
circuit. 

Incompressibility. — In  hydraulics,  a  prop- 
erty of  liquids  which  is  utilized  for  the 
transmission  of  power  in  hydraulic  cranes, 
lifts,  pistons,  etc.  The  compressibility  oi 
water  under  the  pressure  of  one  atmosphere 
is  from  .00004  to  .00005,  decreasing  with 
increase  of  temperature,  an  amount  altogether 
inappreciable  in  practice. 

For  each  foot  of  pressure  pure  water  will  be 
duniniflhed  in  volume  .0000015  to  .0(XX)013.  The 
compresBibility  of  water  is  so  small  that  even  at 
»  depth  of  a  mile,  a  cubic  foot  of  water  will 
weiah  only  about  half  a  pound  more  than  at  the 
surface. 

Inconductivityl — The  quality  of  being 
non-conducting. 

Increased    Electric    Irritability. — An 

abnormal  sensitiveness  on  the  part  of  the 
tissues  of  the  human  body  to  electric  irri- 
tation. 

Increment. — ^The  act  or  process  of  increas- 
ing; growth  in  bulk,  quantity,  number, 
value  or  amount. 

Increment  Key. — A  tele^ph  key  which 
not  merely  closes  a  circmt  when  contact 
is  made,  but  produces  an  increment  or  in- 
crease in  the  Une  current. 

Increment  Key  for  Quadruples  Te- 
leip^phy. — A  telegraph  key  which  in- 
creases the  strength  of  the  line  current  for 
the  operation  of  distant  instruments  in  a 
quadruplex  system. 

In  Current  of  Telephone  Relay. — ^The 
current  which  a  telephone  relay  gets  for 
further  transmission. 

Independent  Circuits. — Electrical  dr- 
cuits  independent  of  other  circuits. 

Independent  Two  Phase  System. — ^A 

polyphase  alternating  current  transmission 
ff^tem  consisting  of  two  separate  circuits 
derived  from  two  armature  windings  in 
quadrature  with  each  other,  or  from  a  con- 
tinuous armature  winding  tapped  at  four 
equidistant  points;  the  two  phase  four 
wire  system. 
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Index  of  Refraction. — In  the  passing  of 
light  from  one  medium  into  another,  the 
ratio  between  the  sines  of  the  incident  and 
refracted  angles;  the  refractive  index. 

India  Rubber. — ^An  elastic  gummy  sub- 
stance derived  from  the  milky  juice  of  a 
variety  of  tropical  trees  and  plants.  The 
juice  resembles  cream  as  it  issues  from  in- 
cisions made  in  the  bark.  The  best  rubber, 
known  as  Paraf  comes  from  Brazil,  Bolivia 
and  Peru.  Makiy  other  ^^rades  are  obtained  from 
South  America  and  Africa,  while  suooesBfuI  at- 
tempts at  cultivation  have  taken  place  in  Ceylon, 
and  the  Straits  Settlements.  India  rubber  has 
valuable  insulating  properties,  and  is  laisely  used 
in  ooverins  electric  cables,  etc. 

As  good  india  rubber  is  expensive,  a  large 
number  of  substitutes  have  been  tried  for  insu- 
lating purposes.  Some  of  them  are  fibrous  in  con- 
struction, and  are  impre^^nated  with  an  insulating 
olL  Their  specific  resistances  are  lower  than 
those  of  rubber,  but  this  is  not  a  serious  draw- 
back providing  the  coating  be  suflSoiently  thick. 
Tliese  substitutes  are  not  impervious  to  moisture 
and  require  a  waterproof  covering,  which  usually 
consists  of  a  lead  sheathing. 

Indicated  Horse  Power. — ^The  measure 
of  the  work  done  within  the  cylinder  of  an 
engine.  The  indicated  horse  power  is  cal- 
culated from  indicator  cards  which  show 
the  variations  of  steam  pressure  within  the 
cylinder.  The  formula  for  indicated  horse 
power  is: 

T  H  p  -  P^^ 

1.  a.  r.  -  gg^j^ 

in  which,  p  =  mean  effective  pressure  on  the  pis- 
ton in  lbs.  per  sq.  in.;  I  =  length  of  stroke  in  feet; 
a  a  area  of  piston  in  sq.  ins.;  n  =  number  of 
revolutions  per  minute  for  a  single  acting  engine, 
and  number  of  strokes  per  minute  for  a  double 
acting  engine.  For  accuracy,  subtract  one-half 
of  the  piston  rod  area  from  the  piston  area.  The 
formula  is  easily  remembered  since  the  letters 
spell  the  word  "  plan." 

Indicatinip  BelL — An  electric  bell  which 
releases  an  annunciator  drop  when  it  rings, 
so  that  it  may  be  identified  among  other 
bells. 

Indicatingf  Bell  Annunciator* — An  an- 
nunciator drop  which  acts  in  connection 
with  an  indicating  bell. 

Indicatinpi;  Lamp. — A  lamp  in  an  electric 
circuit  wmch  is  aesigned  to  indicate  vary- 
ing conditions  of  the  circuit  by  the  quality 
of  its  own  light. 

Indicatinip  Pnsh  Button* — A  push  button 
provided  with  an  electromagnetic  vibrator 
which  makes  a  noise  when  the  button  is 
pressed  to  show  that  the  current  operates, 
and  the  distant  bells  ring  properly;  a 
sounder  push. 


Indieatiuff  Switch. — A  switch  which  in- 
dicates whether  its  circuit  is  open  or  closed  c 

Indieatinif  Wattmeter. — An  electrical 
instrument  for  measuring  power  developed 
in  a  circuit,  and  designed  to  show  instan- 
taneous values  of  power,  or  the  rate  at 
which  energy  is  consimied  in  a  circuit. 

Indicator. — 1.  Any  form  of  annunciator. 
2.  An  instrument  by  which  the  working 
steam  records  its  working  pressure,  from 
which  the  power  of  the  engine  may  be  cal- 
culated. It  consists  of  a  small  cylinder 
communicating  bv  a  cock  with  the  cylinder 
of  the  engine,  and  ntted  with  a  piston,  to  which 
a  pencil  is  attached.  The  roller  upon  which  a 
card  is  fastened,  is  oscillated  forward  and  back- 
ward  by  a  cord  attached  to  the  piston  rod  of  the 
engine.  As  the  pencil  rises  by  the  steam  pres- 
sure«  and  is  brought  bai*k  by  a  graduated  sprinc 
when  that  pressure  is  reduced  by  expansion  ana 
condensation,  a  figure  representmg  the  pressure 
at  each  point  in  the  stroke  of  the  engine, » tnMsed 
upon  the  card. 

Indicator  Card. — ^The  card  of  a  steam  en- 
gine indicator  which  shows  the  pressure 
curves  automatically  traced,  whereby  the 
indicated  horse  power  of  the  engine  may 
be  determined.  The  diagram  is  shaped 
like  a  foot;  its  length  represents  the  stroke, 
and  its  height  the  ateam  pressure  in  pounds. 
The  average  pressure,  cylinder  area,  and 
piston  speed  are  the  elements  for  calcula- 
ting the  horse  power. 

Indicator  Diagram. — In  steam  engineer- 
ing, a  diagram  of  work  traced  b^  the  pencil 
of  the  indicator  upon  an  indicator  card. 
From  it  are  deducea  both  the  behavior  and 
the  mean  effective  pressure  of  the  steam  in 

the  cylinder  and  thence  the  indicated  horse 
power.  To  obtain  the  mean  effective  pressure, 
the  area  of  the  card  is  divided  transversely  by 
equidistant  ordinates,  ten  or  more  as  most  eon- 
venient,  perpendicular  to  the  atmospheric  line. 
Now,  with  a  scale  corresponding  to  the  spring 
with  which  the  diagram  was  taken,  measure  the 
pressure  in  the  center  of  each  of  these  divisions 
The  measurement  being  taken  between  the  steam 
expansion  and  exhaust  lines  The  average  of  all 
the  measurements  will  give  the  mson  ^ff^etiv 
preaavre. 

Indicator  Dial*  Electric. — An  electro* 
magnetic  indicator  which  shows  upon  its 
dial  the  state  of  a  section  of  railroad  which 
forms  a  part  of  an  electric  block  signaling 
system. 

Indicator*  Electric. — 1.  An  instrument, 
often  consisting  of  a  dial  over  which  a  mag- 
netic needle  swings,  designed  to  indi^te  to 
operators  or  attendants,  the  condition  of 
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a  system,  machine,  or  any  detail  in  me- 
chanical or  electrical  engineering. 
2.  An  annunciator. 

IncUeator^  Flap* — A  disc  of  light  metal 
which  swings  over  the  self -restoring  indi- 
cator of  a  multiple  telephone  switchboard. 

Indieator  Springf. — A  device  used  in 
operating  a  steam  engine  indicator:  it  is 
tne  most  vital  part  of  the  instrument, 
being  used  to  show  the  varying  pressure  of 
the  steam  in  the  engine  cyhnder. 

Indifferent  Electrode. — An  electrode  em- 
ployed in  electro-therapeutics  merely  for 
the  purpose  of  closing  the  circuit  through 
the  part  of  the  body  to  be  treated,  as  dis- 
tinguished from  the  electrode  which  actu- 
ally applies  the  treatment. 

Indirect  Distribution. — Electric  distri- 
bution which  involves  the  introduction  of 
various  intermediary  devices  between  the 
dynamo  and  the  receptive  devices. 

Indirect  Eloetrolysis. — Chemical  decom- 
position occurring  after  the  action  of  elec- 
trolysis, as  distinguished  from  the  electrol- 
ysis itself. 

Indirect  Excitation. — ^A  method  of  apply- 
ing electric  excitation  to  a  muscle  by  plac- 
ing the  electrode  upon  the  nerve  leaaing  to 

*^    that  muscle. 

Indirect  Welder. — An  electric  welder 
which  has  an  apparatus  for  heating,  con- 
sisting of  a  step-down  transformer  which 
lowers  the  pressure  while  increasing  the 
volume  of  the  current. 

Individual  Si«iaL — A  selective  signal;  a 
signal  designed  for  calling  any  one  of  the 
stations  connected  on  one  circuity  so  that 
only  the  station  for  which  the  call  is  intend- 
ed shall  hear  it. 

Individnal  Telephone  Switchboard. — 

One  of  the  separate  sets  of  connections  of  a 
multiple  switchboard. 

IndiTidoal  Transformer. — A  transformer 
serving  for  a  single  electro-receptive  device 
or  circuit. 

Indoor  Transformer. — A  transformer  set 
up  within  a  building. 

:  Induced. — Brought  about  by  induciiony  as 
when  a  body  receives  an  electric  charge  by 


jbhe   influence  upon  it  of  a   neighboring 
charged  body. 

Induced  Atomic  ^r  Molecular  Cur- 
rents.— Currents  conceived  to  be  pro- 
duced in  the  particles  of  a  magnetic  sub- 
stance when  influenced  by  the  presence  of 
lines  of  magnetic  force. 

Induced  Coil. — The  secondary  coil  of  a 
transformer.    • 

Induced  Current. — An  electric  current  set 
up  in  a  circuit  by  cutting  lines  of  force;  a 
current  caused  by  electromagnetic  induc- 
tion; as,  in  an  induction  coil  when  the 
strength  of  a  current  flowing  through  the 
primary  winding  varies,  magnetic  changes 
take  place  in  the  core  and  surrounding  field 
which  induce  currents  in  the  other  or  secon- 
dary windings. 

Induced   Current  of  Transformer. — 

The  electric  current  produced  in  the  induc- 
tion coil  of  a  transformer. 

Induced  Direct  Current. — A  break  in- 
duced or  direct  induced  current;  an  extra 
current  in  the  same  direction  as  the  original, 
induced  in  a  circuit  when  it  is  broken. 

Induced  Electric  Sur§^n§^. — ^Electric 
oscillations  set  up  in  a  conductor  because 
of  similar  vibrations  taking  place  in  a  neigh- 
boring conductor. 

Induced    ElectromotiTe    Forces.  — 

Electromotive  forces  due  to  electromag- 
netic induction. 

Induced    Electrostatic    Charge. — An 

electric  charge  received  by  a  body  Drought 
within  the  influence  of  an  electrostatic  field. 

Induced  Ligphtninff  Discharge. — ^The 
back  or  return  stroke  of  lightning;  a  dis- 
charge which  occurs  after  the  main  dis- 
charge as  the  result  of  induction  produced 
in  the  neighborhood  of  the  original  stroke. 

Induced  Magnetic  Flux. — ^Magnetic  flux 
or  the  number  of  lines  of  force  caused  by 
induction. 

Induced  Mag^eto-motlTe  Force. — 

Magnetic  pressure  caused  by  induction. 

Inducing. — Bringing  to  bear  the  electrical, 
or  magnetic  influence  of  induction. 

Inducing  Circuit. — An  electric  circuit 
which  produces  induction  in  another  cir- 
cuit. 
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Inducing  Coil. — ^The  primary  winding  of  a 
transfonner. 

Induein^  Current  of  Transformer. — 

The  current  in  the  primary  winding  of  a 
transformer. 

Indncin|f  Mapiet* — The  permanently 
magnetized  armature  of  a  polarized  relay. 

Inductance. — ^The  coefficient  of  self-induc- 
tion, the  capacity  which  an  electric  circuit 
has  of  proaucing  induction  within  itself. 
Inductance  is  considered  as  the  ratio  be- 
tween the  total  induction  through  a  circuit 
to  the  current  producing  it,  and  may  be 
measured  in  terms  of  a  unit  called  the  heftry. 
When  the  henry  is  too  large  for  oonvenienoe,  th^ 
mvUt-heniv,  or  one-thousandth  part  of  a  henry  is 
used.  Tne  effect  of  inductance  is  to  cause  the 
current  to  lag  behind  the  electromotive  force. 

Inductance  Box. — A  box  provided  with 
graded  inductances  for  measuring  induct- 
ance in  an  electric  circuit. 

Inductance  Coil. — A  choking  coil;  a  coil 
of  wire  with  an  iron  core  used  in  an  alter- 
nating current  circuit  to  impede  the  cur- 
rent. 

Inductance  Reactance-Reactance  pres- 
ent in  a  self-induction  coil. 

Inducteous  Bod^. — ^A  term  suggested  by 
Faraday  to  describe  a  body  which  receives 
an  electric  charge  upon  coming  into  the 
sphere  of  influence  of  another  electrified 
body. 

Induction. — The  influence  exerted  by  the 
interference  of  fields  upon  fields  or  fields 
upon  conductors,  such  that  an  electric  or 
magnetic  state  may  be  induced  in  a  body 
by  the  proximity,  without  contact,  of  an 
electrified  or  magnetized  body. 


Inductional  Ig^tinff  Device. — A  device 
for  producing  a  spark  oy  electric  induction. 

Induction  Booster. — An  induction  motor 
placed  in  series  with  an  alternating  current 
circuit  so  as  to  raise  its  pressure. 

Induction  Bridg^. — An  inductance  bridge ; 
a  balance  arranged  in  a  manner  similar  to 
a  Wheatstone  bridge  and  used  for  meas- 
uring induction. 

Induction  Coil. — An  induction  coil  is  es- 
sentially a  transformer  with  open  magnetic 
circuit  in  which  a  pulsating  direct  current 


in  the  nrimary  indnces  an  alternating  cur- 
rent of  nigh  voltage  in  the  secondary.  The 
grimary  usually  consists  of  comparatively 
eavy  insulated  copper  wire  wound  upon  a  core 
of  annealed  iron  wire,  and  the  secondary  of  fine 
wire  is  wound  over  the  primary.  Induction  coils 
are  used  in  X-ray  work,  wireless  telegraphy, 
eleotrotheiBjpy,  internal  combustion  motor  igni- 
tion, etc     flometimes  termed  a  spark  ooiL 

Induction  Factor. — In  an  alternating  cur- 
rent circuit,  the  ratio  between  that  element 
of  the  current  which  does  no  work  and  the 
total  strength  of  the  current. 

Induction  Flux. — The  total  number  of 
lines  of  magnetic  force  in  any  part  of  a 
magnetic  circuit. 

Induction  Frequency  CouTerter. — A 

type  of  frequency  converter  consisting  of 
an  induction  motor  having  a  rotor  driven 
at  such  speed  that  the  secondarv  frequency 
has  the  desired  value  for  the  delivery  cir- 
cuit. 

Induction  Machine. — A  machine  for  gen- 
erating electricity  for  experimental  pur- 
poses on  the  principle  of  electrostatic  in- 
duction; also  called  it^uence  machine. 
The  Toepler-Holtz  and  Wimshurst  ma- 
chines are  well  known  forms. 

Induction  Motor. — An  alternating  current 
motor  which  does  not  run  synchronously, 
or  in  step,  with  the  alternations;  an  asifn^ 
chronoue  motor.  The  currents  supphed 
are  led  through  the  field  coils  only,  ana  the 
armature,  not  being  connected  to  the  ex- 
ternal drcuitj  is  rotated  bv  currents  induced  by 
the  varying  field  set  up  tnrouffh  the  field  coils, 
the  rotating  part  is  termed  tae  rotor,  and  the 
stationary  part  the  tlator. 

An  induction  motor  should  be  run  as  near  its 
normal  primary  electromotive  force  as  possible, 
as  the  output  and  torque  are  directly  proportional 
to  the  square  of  the  primary  pressure.  An  induc- 
tion motor  develops  its  greatest  torque  on  start- 
ing, and  its  least  when  running  in  step  with  the 
rotating  field.  If  it  be  overkmded,  it  will  slow 
down  until  the  induced  currents  in  the  armature 
are  sufficient  to  carry  the  lo«l. 

Induction  Multiphase  Motor. — An  in- 
duction motor  driven  by  multiphase  elec- 
tric currents. 

Induction  Plates  of  Condenser. — The 

sheets  of  tin  foil  wherein  electric  charges 
are  stored  in  an  accumulator. 

Induction    Potential    Repilator. — A 

form  of  stationary  induction  apparatus 
consisting  of  a  coil  in  shunt  and  a  coil  in 
series,  with  the  circuit  so  arranged  that  the 
ratio  of  transformation  between  them  is 
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variable  at  wUI,  and  with  the  relative  posi- 
tions of  the  primary  and  secondary  coils 
adjustable. 

Induction  ReaetaAee* — ^The  ohmio  value 
of  inductance  in  an  electric  circuit,  as  dis- 
tinguished from  the  capacity  reactance. 

Induction  Rotarsr* — A  rotary  transformer 
furnished  with  induced  currents. 

Induction  Screen. — ^A  metal  screen  inter- 
posed between  two  electrified  or  magnetic 
bodies  in  order  to  reduce  the  effect  of  in- 
duction. 

Induction  Teleg^tLTfhy. — 1.  A  method 
of  telegrapher  by  which  messages  may  be 
sent  from  railway  trains  while  in  motion; 
the  principle  of  induction  permitting  com- 
munication of  impulses  from  the  car  to  a 
wire  running  parallel  with  the  track. 

2.  Wireless  telegraphy  is  a  type  of  in- 
duction telegraphy. 

Induction  Top* — A  copper  disc  caused  to 
spin  upon  a  vertical  axis  before  the  poles 
of  a  magnet  to  illustrate  the  influence  of 
magnetic  induction. 

Induction  Type  Instrument. — Electric 
measuring  instruments  for  alternating  cur- 
rents based  upon  the  principle  of  a  revolv- 
ing magnetic  field  produced  by  two  alter- 
nating currents  that  are  out  of  phase. 

Induction  Wattmeter. — An  electrical  in- 
strument for  measuring  the  power  deliv- 
ered to  a  circuit.  The  operation  of  the 
induction  type  is  similar  to  that  of  the  in- 
duction motor,  depending  upon  the  action 
of  a  revolving  or  shifting  magnetic  field 
upon  a  magnetic  body  capable  of  rotation. 

Inductive  Capftcity. — The  quality  of  a 
dielectric  substance  by  which  it  has  the 
power  of  receiving  and  transmitting  that 
electric  strain  call^  induction. 

Inductive  Circuit. — A  circuit  having  in- 
ductance, but  not  capacity;  an  induced  cir- 
cuit. 

Inductive  Connection. — A  connection  be- 
tween two  circuits  depending  upon  the 
property  of  induction  solely,  without  any 
metallic  contact  whatever. 

Inductive  Disturbance. — A  disturbance 
arising  in  telephone  or  telegraph  circuits  as 
the  result  of  induction.    Cross  talk  between 


telephone  lines  is  an  example  of  inductive 
disturbance;  sometimes  called  inductive 
interference. 

Inductive  Electromotive  Force. — An 

E.  M.  F.  set  up  by  induction. 

Inductive  Leak. — ^A  leak  having  induc- 
tance, produced  in  an  electric  circuit. 

Inductive  Leakage. — Leakage  effected 
in  a  circuit  by  the  introduction  of  induction 
coils. 

Inductive  Load. — ^A  load  in  which  the 
current  lags  behind  the  voltage  across  the 
load. 

Inductively  Associated  Circuit. — An 

electric  circuit  so  related  to  another  neigh- 
boring one  that  any  action  in  it  will  be  re- 
flected in  the  other  by  a  similar  action,  as 
the  result  of  induction. 

Inductive  Pole. — An  electric  pole  caused 
by  induction. 

Inductive  Reactance.  —  Reactance  re- 
sulting from  self-induction. 

Inductive  Resistance. — A  term  some- 
times applied  to  the  reactance,  which  is  the 
effect  of  self-induction  in  an  alternating 
current  circuit  containing  inductance.  It 
is  expressed  in  ohms. 

Inductive  Resistance  Regulator. — A 

device  for  controlling  the  resistance  in  a 
circuit  by  regulating  the  inductance. 

Inductive  Retardation. — A  lagging  in 
the  rate  of  transmission  of  an  electric  sig- 
nal due  to  induction  in  the  circuit. 

Inductivity. — Inductive  quality;  the  power 
or  capacity  for  induction. 

Inductise. — ^To  exert  electric  induction  up- 
on a  body  or  circuit. 

Inductometer. — An  instrument  for  meas- 
uring the  inductance  of  a  circuit. 

Inductophone. — An  invention  for  picking 
up  telegraphic  messages  from  moving  rail- 
road trains  by  induction  between  a  circuit 
on  the  train  and  coils  along  the  line,  in 
which  a  telephone  receiver  takes  the  place 
of  a  sounder. 

Inductor. — 1.  That  part  of  a  generator  or 
magneto  that  fumisnes  the  magnetic  field. 
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•  In  a  dynamo  the  inductor  is  an  electromag- 
net, in  a  magneto  it  is  a  permanent  artifi- 
cial magnet. 

2.  A  heavy  mass  of  soft  iron,  laminated  to 
avoid  eddy  currents ,  which  is  carried  on  the  rotor 
of  an  inductor  generator  to  increase  the  number 
of  lines  of  force  issuing  from  the  poles  of  the 
stator. 

Inductor  Alteniator.  —  An  alternating 
current  generator  in  which  both  armature 
and  field  coils  are  8tationai*y.  A  moving 
mass  of  laminated  iron,  having  projections 
called  inductors,  is  employed  to  cause  the 
magnetic  flux  from  the  magnet  to  pass' 
through  the  stationary  coils.  The  field  frame 
has  internal  projections  corresponding  to  the  in- 
.duotorB,  and  these  constitute  the  cores  of  the 
armature  coils. 

Inductor  Generator* — ^A  form  of  dynamo 
in  which  both  the  armature  coils  and  field 
magnet  coils  are  stationary,  the  cutting  by 
the  armature  conductor  of  the  lines  of  force 
set  up  by  the  field  magnets  being  effected 
by  masses  of  iron  moving  past  the  field 
magnet  poles. 

Inductorium. — ^A  name  sometimes  given 
to  the  induction  coU, 

Inductors  of  Electrostatic  Machine. 

— The  parts  of  a  Holtz  electric  machine 
which  receive  the  original  charges.  They 
consist  of  four  tin  foil  discs  connected  in 
pairs  by  strips  of  tin  foil  and  covered  with 
paper. 

Inductric  Body* — ^The  body  possessing 
the  original  charge  which  produces  induc- 
tion in  another  body. 

Inductroecope* — ^Any  device  for  showing 
the  existence  of  induction  between  electric 
circuits. 

Inelastic* — ^Rigid,  inflexible;  imable  to  re- 
turn or  assume  its  original  condition  or 
shape,  after  a  strain.  In  a  scientific  sense, 
all  bodies  possess  elasticity,  its  amount  or 
degree  alone  varying. 

Inertia. — ^That  property^  of  matter  b^  virtue 
of  which  it  cannot  of  itself  change  its  own 
state  of  rest  or  of  motion. 

Inertia*  Electric. — A  term  sometimes 
used  for  self-inductance.  When  a  circuit 
has  self-inductance,  the  current  wiU  con- 
tinue to  flow  for  a  short  time  after  the  cir- 
cuit is  broken,  as  in  ignition  for  gas  engines, 
a  spark  is  produced  when  the  current  is 
interrupted.  It  takes  therefore,  both  time  and 
resistance  to  stop  the  flow  of  the  current,  the 


same  as  is  required  to  bring  a  moving  material 
body  to  rest.  Hence,  the  application  of  the  term 
"inertia." 

Inferred  Zero. — ^A  zero  upon  a  scale  of 
measurement  assumed  for  convenience  in 
making  calculations,  though  actually  too 
remote  to  be  arrived  at. 

Infinity  Plugp. — ^A  plug  in  a  resistance  box, 
seated  between  two  brass  plates  not  other- 
wise connected,  so  that  when  it  is  with- 
drawn the  circuit  is  opened  and  made  of, 
so-called,  infinite  resistance. 

Infleadble  Conduit. — An  under^und 
conduit  system  so  built  that  it  will  not 
admit  of  access  to  its  conductors  after  it 
is  once  laid;  a  solid  conduit. 

•      r 

Influence. — ^A  term  sometimes  used  for 
electrostatic  induction. 

Influence  Charge* — ^An  electric  charge 
obtained  by  electrostatic  induction. 

Influence  Machine. — ^An  induction  ma- 
chine for  generating  electricit^r  for  experi- 
mental purposes  on  the  principle  of  elec- 
trostatic induction.  It  depenos  upon  the 
use  of  a  small  initial  charge  which  acting 
by  influence  induces  other  charges  which 
are  conveyed  by  the  moving  parts  of  the  machine 
to  some  point  where  they  may  serve  to  intensify 
the  initial  charge,  or  be  drawn  off  by  a  suitable 
collector.  The  HeOrophorua  is  the  simplest  and 
earliest  form,  and  its  best  known  developments 
•  are  the  Wimshuist  machine  and  the  Toepte^Holta 
machine. 

Infi?a-red  Lig^ht. — Radiation  having  great- 
er wave  lengths  than  the  red  rays  of  the 
spectrum. 

Infra-red  Spectrum. — ^The  invisible  rays 
of  a  spectrum  which  are  below  the  red,  t.  e., 
those  which  have  a  greater  wave  length 
than  the  visible  red  rays.  They  have  a 
slower  rate  of  vibration  than  400  billion  per 
second. 

Ing^ot. — 1.  An  oblong  block  into  which 
such  metals  as  gold,  silver^  copper,  tin  or 
alloys,  are  cast  after  purification.  Such 
blocks  usually  bear  the  finer's  or  foundry 
stamp  and  are  ready  for  remelting. 

2.  A  slightly  conical,  hexagonal  or  cs^Iindiical 
mass  into  which  steel  is  cast  before  it  is  forged 
or  rolled.  The  in^ot  moulds  are  usuallv  of  cast 
iron,  of  great  thickness  and  accurately  fitted. 
After  pouring,  as  soon  as  the  steel  is  set,  the 
cotteis  are  knocked  out  of  the  mould,  and  the 
red  hot  mass  taken  by  the  crane  from  the  mould 
and  placed  in  the  soaking  pits  to  anneal  or 
reheat. 


Ingot  Sled. 


217 


Inspection  Boxes, 


Ini^  Steel* — A  term  applied  to  mild  steel 
produced  b^  the  Bessemer  or  open  hearth 
process,  as  it  is  cast  into  the  form  of  ingots, 
preparatory  to  further  treatment. 

In^^redient. — ^That  which  enters  into  a 
compound,  or  is  a  component  part  of  any 
compound  or  mixture;  an  element. 

Inherent  Refl^iil&tion. — An  electric  gene- 
rator may  be  required  to  deliver  at  a  certain 
speed,  an  E.  M.  F.  which  is  within  a  speci- 
fied percentage  of  a  constant  value  when 
the  load  is  varied.  This  is  called  its  regvn 
latum,  and  when  the  E.  M.  F.  is  regulated 
by  the  machine  without  the  aid  of  auxiliary 
devices  the  act  is  known  as  inherent  reguLa- 
tion. 

InitiaL — Pertaining  to  a  beginning;  existing 
at  or  constituting  a  beginning. 

Initial  Mapietiaation.  —  Magnetization 
produced  at  the  beginning  of  a  process  or 
action. 

Initial  Velocity. — ^The  speed  with  which 
an  object  is  originally  endowed,  or  the 
velocity  at  which  it  is  already  moving, 
when  modif3ring  forces  begin  to  act  upon  it. 

Injection. — 1.  In  construction,  the  satura- 
tion of  telegraph  poles  with  a  preservative 
preparation  to  prevent  decay;  impregna- 
tion. 

2.  In  steam  engineering,  a  term  applied 
to  the  admission  of  cooling  water  to  a  jet 
condenser. 

Injector. — 1.  An  apparatus  by  which  a 
condenser  or  similar  instrument  may  be 
temporarily  inserted  in  an  electric  circuit. 
2.  A  boiler  feeding  device,  in  which  the 
momentum  of  a  steam  jet,  directed  by  a 
series  of  suitably  disposed  conical  nozzles, 
carries  a  stream  of  water  into  the  boiler;  the 
steam  oondensinK  within  and  heating  the  water 
which  it  forces  alons.  The  action  of  an  injector 
is  due  to  the  fact  that  the  velocity  of  a  jet  of 
steam  flowing  from  a  nozsle  is  much  greater  than 
water  flowing;  under  the  same  conditions.  Al- 
though the  injector  has  an  almost  perfect  eflicien- 
ey  as  a  boiler  feeder,  it  is  not  the  most  economi- 
cal* since  it  can  draw  only  moderately  warm 
water,  while  a  pump  can  feed  water  which  has 
been  heated  by  exhaust  steam  which  otherwise 
would  be  wasted. 

Inkleee  Recorder. — A  recorder  for  electric 
measuring  instruments  which  does  away 
with  the  usual  pen,  employing  instead  a 
sharp  steel  point  which  is  forced  against 
the  paper  every  few  seconds  by  means  of 
an  electromagnet  actuated  by  the  driving 


clock.  Thus,  a  series  of  dots  or  indentation* 
is  registered  upon  the  chart. 

Ink  Writer. — In  telegraphy,  a  recording 
register  employed  wherever  a  permanent 
record  of  messages  is  desirable.  A  com- 
pact case  of  brass  and  glass  encloses  the 
clock  work  mechanism.    When  a  current  is 

flowing,  the  armature  lever  carrying  the  , 
paper  strip  with  it,  moves  up  against  a  disc  which 
18  kept  moist  with  ink  from  an  ink  roller;  when 
the  current  ceases  a  spring  draws  the  lever  and 
paper  away  from  the  printing  wheel  as  the  disc 
IS  called.  In  this  way  dots  and  dashes  are  re- 
corded on  the  strip  according  to  the  duration  of 
the  contacts  between  the  paper  and  the  wheel. 

In  Line. — A  shop  term,  to  signify  that  the 
work  Lb  in  the  same  center  or  in  the  same 
plane.  To  get  several  distant  points  in  line, 
measurement  is  taken  from  a  known  level 
surface. 

Inner*. — ^The  inner  set  of  springs  in  the 
spring  jack  of  a  telephone  switchboard. 

Input. — ^The  intake  or  energy  absorbed  by 
a  machine  during  its  operation,  as  distin- 
guished from  the  output  of  useful  energy 
delivered  by  it. 

Input  of  Djmamo. — ^The  mechanical  en- 
ergy absorbed  by  a  dynamo  for  its 
operation. 

Insertion. — ^In  mechanics,  sheets  of  elastic 
material  used  to  make  joints  between 
flanges  of  pipes,  etc.,  consisting  usually  of 
india  rubber,  with  canvas  or  duck  inserted. 

Inside  Admission. — In  a  steam  engine,  a 
reversal  of  the  usual  methods  generally 
followed  with  piston  valves,  in  admitting 
steam  through  the  central  cavity  on  the 
cylinder  face,  the  lap  being  provided  on 
the  inner  edges  of  the  valve,  while  steam 
is  exhausted  past  the  outer  edges  into  the  valve 
chest.  This  prevents  high  pressure  steam  from 
coming  into  contact  with  the  valve  spindle  glands, 
and  materially  shortens  the  steam  passage  Irom  a 
hi|^  pressure  to  its  intermediate  cylinder. 

Inside  Box  Brush. — ^A  form  of  brush 
suitable  for  Dolishing  the  inner  surfaces  of 
metallic  booies  preparatory  to  electro- 
plating. 

Inside  Wirin^m — ^A  system  of  electric  wir- 
ing installed  inside  a  building  for  lighting 
or  other  purposes. 

Inspection  Boxes. — Boxes  provided  in  a 
system  of  electric  mains,  having  manholes 
to  allow  of  inspection  and  repairs. 
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Inapiraior. — ^A  lifting  and  forcing  injector, 
in  which  two  distinct  sets  of  steam  and 
water  cones  are  combined  within  one  body, 
one  set  for  lifting  and  one  for  forcing;  a 
double  tube  injector. 

Installation* — 1.  The  act  of  setting  up  an 
apparatus  or  erecting  a  plant  for  some 
special  work. 

2.  The  buildings,  apparatus  and  acces- 
sories forming  the  entue  plant. 

Installation*  Electric. — 1.   The  act  of 

erecting  an  electric  plant  or  system. 
2.  An  electric  plant  or  system. 

Instantaneous    Contact    Method. — ^A 

method  of  ascertaining  the  form  of  the  wave 
in  an  alternating  current  by  contacts  made 
at  certain  instants  during  each  period  of 
alternation. 

Instantaneous  Current. — The  strength 
of  an  electric  current  mristing  in  a  circuit 
at  a  given  instant. 

Instantaneous  Eflcieuey  of  Trans- 
former.— The  effidenoy  oi  a  transformer 
at  a  given  instant. 

Instantaneous  ElectromotiTe  Force. 

— ^The  £.  M.  F.  in  a  circuit  at  a  given  in- 
stant. 

Instantaneous  Pressure. — The  instan- 
taneous electromotive  force. 

Instantaneous  Value. — 1.  A  value  taken 
at  a  given  instant,  and  useful  for  that  in- 
stant only,  as  distinguished  from  a  value 
averaged  for  a  length  of  time. 

2.  In  an  alternating  current,  the  value 
of  the  wave  taken  at  any  point  in  the  wave. 

Instrument. — ^That  b^  which  work  is  per- 
formed, or  anything  is  effected;  a  tool;  a 
utensil;  an  implement;  as^  the  instruments 
of  a  mechanic,  astronomical  instruments, 
and  the  like. 

Instrument  Zero. — ^The  true  zero  upon 
Uie  scale  of  a  measuring  instrument,  as 
distinguished  from  a  false  zero  arbitrarily 
chosen;  the  scale  zero. 

Insulate. — ^To  safeguard  a  body  against  the 
escape  of  electricity  from  it,  or  the  conduc- 
tion of  electricity  to  it. 

Insulated  Bod^. — ^A  body  safeguarded  by 
insolation  agamst  escape  of  electricity 
either  to  or  from  it. 


Insulated  Conductors. — ^Wires  for  con- 
ducting electricity  protected  by  a  covering 
of  insulating  matenaL 

Insulated  Pliers — Pliers  provided  with 
handles  of  non-conducting  materiaL 

Insulated  Trolley  Ci^ommkKkf^. — A  device 
pkced  at  a  point  where  trolly  wires  cross, 
and  so  insulated  as  to  prevent  electrical 
contact  of  the  wires. 

Insulated  Tumbuckle. — A  device,  prop- 
erly insulated,  for  tightening  the  wires  on 
overhead  circuits. 

Insulated  Wires. — ^Wires  covered  with 
insulating  materiaL 

Insulatinip  Bushing^. — ^A  bushing  for  an 
incandescent  lamp  socket  made  of  non-con- 
ducting material. 

Insulating  Cements. — Adhesive  com- 
pounds which  not  only  cement  bodies 
together,  but  at  the  same  time  serve  as 
electric  insulators  between  them. 

Insulating  Coating  or  Covering^. — ^A 

surface  layer  of  any  non-conducting  mate- 
rial. 

Insulating  Gloves. — ^Rubber  gloves  used 
to  enable  linemen  and  repairmen  to  handle 
live  wires  without  danger  of  shock. 

Insulating  J'oint. — ^A  coupling  which  also 
serves  as  an  insulator  between  the  bodies 
joined. 

Insulating  Materials.-:-Non-conductor8; 
substances  such  as  glass,  sealing  wax,  silk, 
shellac,  india  rubber,  resin  and  various 
compounds,  which  do  not  conduct  elec- 
tricity. 

There  is  no  perfect  insulatmg  materiaL  Gaaes 
are  almost  perfect  msulatoxs,  though  a  gas  at 
low  pressures  may  convey  electricity  Iree^.  The 
specific  resistance  of  some  important  insulating 
materials  at  ordinary  temperatures  is  as  follows: 

Mica. 8.4x107  megohms 

Qlaas 9   xlO^ 

Gutta  peroha. 4.6x10* 

Shellac 9   xlO» 

Ebonite 2.8xlOio      " 

Paraffin  wax 3.4xl0io      " 

Insnlatinjg^  Paint. — ^A  paint  that  is  un- 
affected by  an  electric  current;  it  is  made 
of  fossil  g[um,  a  pigment,  and  a  vehicle, 
usually  spirit  of  naphtha. 

Insulating  Paper. — ^A  par*T  used  largely 
in  covering  steam  pipes  ana  steam  surfaces 
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to  prevent  the  loss  of  heat,  or  on  woodwork 
to  protect  it;  also  to  prevent  air  currents 
through  the  walls  of  buildingB. 

Insulating  Sleeve* — ^A  sleeve  joint  of 
non-conducting  material  for  splicing  two 
ends  of  insulated  wire. 

Insulating  StooL — ^A  stool  having  legs  of 
glass,  or  other  insulating  material  to  serve 
in  experiments  to  cut  on  electrical  connec- 
tion with  the  earth. 

Insulatingf  Tape.— Tape,  usually  adhesive, 
rendered  non-conductmg  by  being  satu- 
rated with  an  insulating  compound,  for  the 
purpose  of  covering  stripped  ends  and  other 
exposed  parts  of  i^ulatod  electric  conduct- 
ors. 

Insulating  Tube. — 1.  An  insulating 
sleeve. 

2.  A  non-oonducting  tube  designed  to 
protect  an  insulated  wire  at  the  point  where 
it  runs  through  a  partition  or  wall. 

Insulating^  Varnish. — ^A  prepared  varnish 
for  insulating  surfaces  of  electrical  appli- 
ances. 

Insulatingp  Washer. — A  washer  made  of 
non-conducting  material. 

Insulation*— 1 .  The  condition  of  a  conduct- 
ing body  when  insulated  by  the  interposi- 
tion of  non-conductors  to  prevent  the 
es^pe  of  electricity. 

The  substances  that  will  not  conduct  the 
electrical  current,  but  interfere  with  its 
tnmsminion  are:  oils,  poroekin,  wool,  nilk.  resin, 
cutta  percha,  shellac,  ebonite,  paraflSn,  Klas9. 
On  account  of  this  property  they  are  extensive^ 
used  in  all  the  branches  of  electrical  industry 
where  it  is  desirable  to  confine  the  current  to  de- 
finite limits.  They  are  thui  called  "insulators" 
(Latin,  tfuida,  an  island;  tfwidaftM,  made  into  an 
island.)  The  insulation  of  the  electric  current  is, 
of  course,  not  absolute:  rather  is  it  correct  to  say 
that  the  resistance  of  insulators  is  so  great  that 
the  leaka^  through  them  is  practically  negligible. 
Thus,  while  certam  poor  conductor!  offer  a  high 
resistance  to  current,  glass,  at  2(f  Centigrade, 
offers  a  resistance  of  Q1,(X)0,000  megohms  (millions 
of  ohms)per  cubic  centimeter;  the  gutta  pereha, 
450,(XN).0()0  megohms:  hard  rubber,  or  ebonite, 
28.0(X).0(X),0(X)  megohmst  and  paraffin,  34,(XX),- 
OOO.CXX)  megohms. 

Insulation  Bracket. — ^An  insulator  brack- 
et made  of  non-oonducting  material. 

Insulation  Breakown* — ^Any  serious 
defect  in  the  insulation  of  electric  apparatus. 

In«nl»tion,  Electric.  —  Non-conducting 
material  so  related  to  electrical  appliances 
as  to  prevent  leakage  of  electricity. 


Insulation    Li^htnin^    Protector. — ^A 

device  for  protecting  electrical  apparatus 
from  lightnmg  by  preventing  the  discharge 
from  attacking  the  ooils  and  injuring  the 
insulation. 

Insulation  Resistance. — ^The  ohmic  re- 
sistance in  an  electric  circuit  offered  by  an 
insulating  coating,  cover>  material  or  sup- 
port to  an  impressed  voltage,  tending  to 
produce  a  leakage  of  current  througih  the 
same.  By  testing  this  resistance,  a  ready 
means  is  afforded  of  locating  a  fault  in  the 
insulation. 

Insulation  Test,— The  object  of  this  test 
is  to  ascertain  whether  the  insulation  of  a 
circuit  or  of  the  wire  wound  upon  a  metal 
spool  or  core,  such  as  a  magnet  core,  has 
broken  down  or  is  still  in  ^ood  order.  In 
znaking  the  test,  one  termmal  of  a  battery 

is  connected  to  a  galvanometer  terminal.  The 
unconnected  terminal  of  the  battery  is  connected 
to  one  end  of  the  coil  under  test,  the  other  end  of 
the  coil  remaining  free  and  unoonneoted.  Some 
portion  of  the  metal  core,  say  the  end,  is  then 
cleaned  bright  with  a  knife  or  emeiy  cloth,  and 
the  unconnected  terminal  of  the  galvanometer  is 
brought  Into  contact  wit^  this  bright  or  clean 
part  of  the  core.  If  then  some  portion  of  the 
msulation  of  the  wire  has  been  abraded  or  de- 
stroyed, thus  bringing  the  bare  wire  into  contact 
with  tiie  metal  core,  the  needle  of  the  galvanom- 
eter will  be  deflected  since  a  closed  circuit  is 
formed  throu/ih  the  core  and  wire.  If  on  the 
contrary  the  msulation  is  perfect,  the  needle  will 
be  undeflected. 

It  will  thus  be  seen  that  in  the  oonduothritgr 
test  it  is  necessary  that  the  needle  should  be  de- 
flected, or  turned,  to  prove  that  all  Is  right;  while 
in  the  insulation  test  the  converse  hoku  good,  if 
the  needle  is  deflected  it  proves  that  the  insulap 
tion  is  broken  down. 

Insulator. — 1.  A  non-conductor. 

2.  A  contrivance  usually  made  of  glass 
or  porcelain  for  supporting  telegraph  wires 
ana  at  the  same  time  preventing  escape  of 
current. 

Insulator  Bracket. — A  simple  wood  or 
metal  bracket  for  supporting  one  or  more 
insulators  for  overhead  wiring. 

Insulator  Cap. — A  cover  or  hood,  usually 
of  iron,  set  over,  and  a  little  above,  an  in- 
sulator to  protect  it  from  injury. 

Insulator  Pin. — A  wooden  pin  attached 
to  pole  cross  arms  or  brackets,  upon  which 
the  insulators  are  screwed. 

Intaf^lio. — An  electro  or  die  with  the  en- 
graved parts  sunk,  or  hollowed  out,  be- 
neath the  surface;  an  incised  carving,  as 
distinguished  from  a  carving  in  relief. 

Intake. — 1.  In  a  waterworks,  the  pipe  by 
means  of  which  water  b  drawn  off^  from  a 
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well  or  other  source  into  a  receiving  re- 
servoir, standpipe  or  main. 

2.  In  an  internal  combustion  engine,  the 
inlet  pipe  between  the  carbureUer  and  the 
cylinoer  which  conducts  the  mixture  to  the 
cyUnder. 

Intake  Wires. — ^Wires  leading  into  a  dis- 
tributing box. 

Integrating^  Meter* — A  meter  provided 
with  a  clock  which  operates  a  coimting 
device  through  an  intermediate  gearing 
driven  by  the  current. 

Intesrratingf  Wattmeter. — A  watt  hour 
meter;  a  wattmeter  which  records  upon 
its  dial  the  total  number  of  watthours  of 
electric  energy  consumed  by  a  customer  to 
whom  electric  power  is  supplied;  a  form  of 
recording  wattmeter. 

Integrator.— A  device  which  automatically 
counts  or  adds  up  items  of  calculation  or 
measurement. 

Intensifier. — In  hy^draulics,  a  device  fre- 
quently employed  m  place  of  the  hydraulic 
accumulator,  for  converting  a  low  pressure 
into  a  higher.  The  water  at  low  pressure 
operates  a  piston  in  a  large  cylinder,  which 
in  turn  operates  a  ram  of  smaller  diameter 
in  a  smalkr  cylinder.  The  areas  of  the  two 
cylinders  are  proportional  to  the  difference 
in  the  low  and  high  pressure  required. 

Intensity. — ^The  degree  of  energy  with 
which  a  force  acts,  measured  in  suitable 
units. 

Intensity  Armature. — A  term  now  rarely 
used,  but  formerly  applied  to  an  armature 
wound  for  a  high  resistance. 

Intensity  Current.  —  A  term  no  longer 
in  use,  but  formerly  applied  to  a  current 
due  to  a  high  electromotive  force. 

Intensity  of  Current.-^The  strength  of 
an  electric  current.  It  is  the  quantitjr  of 
electricity  that  flows  pant  any  point  in  a 
circuit  in  one  second,  and  is  measured  by  a 
unit  called  the  ampere.  The  intensity  of  a 
current  has  to  do  only  with  the  amperage 
and  must  be  considered  apart  from  the 
pressure  or  voltage. 

Intensity  of  Earth's  Magnetism. — ^The 
strength  of  the  earth's  magnetic  force  at 
different  points  on  the  earth's  surface.  It 
varies  slightly  each  day  and  at  different 


times  during  the  year,  and  occasionally 
sudden  changes  occur  due  to  conditions 
known  as  magnetic  storms. 

Intensity  of  Field.— The  strength  of  the 
force  in  a  magnetic  field  as  measured  by  its 
action  upon  a  unit  pole  placed  at  any  point 
in  the  field. 

Intensity  of  Illumination. — ^The  quan- 
tit^r  of  light  that  falls  upon  a  unit  surface. 
It  is  inversely  proportional  to  the  square 
of  the  distance  from  the  source  of  light. 

Intensity  of  Lig^ht. — ^The  degree  of  illu- 
minating power  possessed  by  a  source  of 
light. 

Intensity    of   Ma^^etie    Field.  —  The 

force  with  which  a  magnetic  field  acts  upon 
a  unit  msLffietic  pole;  its  unit  is  that  in- 
tensity of  field  which  acts  with  unit  force 
upon  a  unit  pole. 

Intensity    of  Magnetic    Flux. — The 

strength  of  the  force  in  a  magnetic  field. 

Intensity  of  Magnetisation. — ^The  de- 
gree to  which  a  magnet  is  magnetized;  the 
quotient  of  the  maffnetic  moment  of  a  mag- 
net divided  by  its  volume. 

Intensity  of  Radiation. — ^The  ratio  of 
the  degree  of  radiation  from  a  surface,  and 
the  extent  of  surface  which  gives  off  the 
radiation. 

Inter-atomie  Ether. — ^The  ether  which  is 
conceived  to  exist  between  the  atoms  which 
form  the  molecules  of  material  substances. 

Intereommunicatinip  Telephone  Sys- 
tem.— An  arrangement  of  a  telephone  sys- 
tem having  a  switchboard  at  every  station. 
The  general  plan  of  wiring  a  number  of 
telephone  outfits  so  that  each  one  has  its 
own  wire,  forming  a  circuit  between  itself 
and  any  other  by  using  a  common  return  wire  as 
the  other  limb,  is  adapted  primarily  to  the  needs 
of  manufactories,  business  houses  having  a  number 
of  separate  offices  or  desks,  and  to  small  domestic 
s^tems.  Such  small  systems  require  no  central 
office  nor  any  scheme  of  selective  signaling.  More- 
over, the  danger  of  being  "  listened  m  "  in  reduced 
to  a  mmunum,  if  not  rendered  impossible:  and 
the  expense^  and  trouble  of  caring  for  the  ap- 
paratus is  similarly  reduced  by  usmg  a  oommon 
calhng  batteiy. 

Internsonnected  Armature  Windinsp. 

— An  armature  winding  in  which  thecous 
are  connected  to  corresponding  segments 
of  the  commutator;  eroee  connectetU 
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Inter-crossiw* — ^The  cro6S  system  of  run- 
ning overheadwires  to  counteract  the  tend- 
ency to  induction,  in  which  the  wires  are 
crowed  at  intervals  so  as  to  change  their 
relations  to  one  another. 

Inter-ezeluuifl^  Workinip. — ^Telephone 
working,  through  more  than  one  exchange. 

Interferenee  of  Eleetromag^netie 
Waves. — ^The  mutual  destruction  of 
simultaneous  electromagnetic  waves  which 
agree  in  period  and  amphtude  but  are 
opposite  in  phase;  an  effect  corresponding 
to  that  of  the  interference  of  light  and 
soimd  waves. 

Inter-ferric  Gap  or  Space. — ^The  air  gap 
in  a  magnetic  circuit  between  iron  faces. 

Interflanjp^e. — The  distance  between  the 
flanges  of  a  spool  or  bobbin,  being  the  avail- 
able space  upon  which  -the  wire  may  be 
wouna. 

Interheater. — ^In  a  steam  engine,  an  appa- 
ratus acting  as  an  intermediate  receiver  be- 
tween the  high  and  low  pressure  cyUnders. 
The  interheater  is  traversed  by  tubes  carry- 
ing high  pressure  steam,  which  slightly 
superheats  the  exhaust  from  the  high  pres- 
sure, preventing  initial  condensation  in  the 
low  pressure  engine.  Also  called  super-- 
heating  receiver. 

Interior  Conduit. — A  conduit  suitable  for 
use  in  the  walls  or  floors  of  a  building  for 
the  acconunodation  of  electric  wires. 

Interior  Conduit  Junction  Box. — In  an 

indoor  distribution  system,  a  box  or  casing 
in  which  connections  are  made  with  the 
mains. 

Interior  Pole  Dynamo. — ^A  dynamo  in 
which  the  armature  revolves  aroimd  out- 
side of  the  fields. 

Inter-linked    Polyphase    System. — A 

system  of  polyphase  currents  in  which  one 
wire  may  act  as  return  for  another,  instead 
of  having  each  phase  supplied  with  sepa- 
rate eonductors  throughout. 

Inter-linked  Two  Phase  System. — ^In 

polyphase  alternating  cupent  transmission, 
a  tyitem  in  which,  b^  joining  any  two  con- 
ductors of  a  four  wure  system,  a  common 
return  is  made  for  tJie  two  circuits;  the 
two  phoM  three  wire  eystem. 


Interloekinff  Apparatus. — A  system  of 
interlocking  levers  by  which  railway  switch- 
es and  signals  are  operated  from  a  tower, 
such  that  when  the  track  has  been  properly 
set  and  the  signal  shown,  it  becomes  im- 
possible to  clear  another  route  that  would 
mterfere  with  the  one  already  set. 

Interloekingf   Electromagpne t. — An 

electromagnet  with  interlocking  armatures 
employed  at  railway  crossings,  whereby  an 
approaching  train  rings  a  signal  which  auto- 
matically ceases  when  the  train  has  passed. 

Intennediate  Cable. — A  variety  of  sub- 
marine cable  intermediate  between  the 
types  used  in  deep  water  and  at  the  shore- 
end. 

Intermediate   Distributing^  Board. — 

In  a  telephone  exchange,  a  secondary  dis- 
tributing board  employed  in  connection 
with  a  multiple  switehboard,  so  that  any 
answering  jack  and  drop  may  be  connected 
to  any  operator's  position. 

Intermediate  Station.-^Any  telegraph 
or  telephone  station  which  is  not  a  terminal. 

Intermediate  Switch. — A  switch  which 
enables  an  intermediate  telephone  station 
to  communicate  with  a  terminal  without 
interfering  with  the  line. 


Intermittent.  —  Acting   at    intervals, 
without  imiform  continuity. 


or 


Intermittent  Contact. — Contact  between 
overhead  wires  which  sometimes  takes 
place  as  the  result  of  swinging  against  each 
other,  or  from  the  effects  of  temperature 
changes. 

Intermittent  Cross. — A  swinging  cross: 
an  intermittent  contact  between  overhead 
wires  due  to  swinging  or  other  occasional 
cause. 

Intermittent  Current. — An  electric  cur- 
rent that  flows  at  intervals  only,  so  that 
at  alternate  intervals  the  circuit  is  free  from 
electricity. 

Intermittent  Disconnection. — A  fault 
which  occurs  intennittently  in  a  line  or 
circuit. 

Intermittent  Earth. — A  swinging  earth; 
an  intermittent  contact  with  the  earth 
caused  by  swinging  or  other  occasional 
influence. 
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Intermittent  Electromotive  Force*^ 

An  electromotive  force  which  has  intermit- 
tent inistead  of  uniform  action. 

Intermittent  Integrating  Meter. — ^An 

integrating  meter  which  does  not  continu- 
ously compute  the  use  of  energy,  but  sums 
it  up  at  definite  intervals. 

Intermitter. — A  name  sometimes  given  to 
a  contact  breaker  or  interrupter,  a  device 
for  automatically  making  and  breaking  an 
eleclaic  circuit. 

Inter-molecular. — Between,  or  among  the 
molecides  of  matter. 

Inter-molecnlar  Ether. — The  ether 
which  is  conceived  to  exist  between  the 
molecules  of  matter;  the  interatomic  ether. 

Internal  Armature  Generator. — A  dy« 

namo  having  its  armature  within  the  pole 
pieces,  as  <Sstinguished  from  an  exteimal 
armature  generator. 

Internal  Characteristic. — ^The  charac- 
teristic curve  of  a  shunt  wound  dynamo 
on  open  circuit,  the  shunt  circuit  being 
active. 

Internal  Circuit. — ^The  portion  of  a  cir- 
cuit included  within  the  generator. 

Internal  Combustion  Eng^e. — A  heat 
engine  deriving  its  power  from  the  energy 
liberated  by  the  explosion  of  a  mixture  of 
some  hydrocarbon  ignited,  \isually,  by  an 
electric  spark.  The  fuel  is  received  in  the 
engine  cylinder  in  a  gaseous  or  vaporized 

form,  mixed  with  atmospheric  air.  The  combus- 
tion of  the  mixture  evolves  great  heat,  dilates  the 
gases,  and  so  creates  pressure  which  is  applied  to 
a  piston  as  in  a  steam  engine. 

Internal  Magnetic  Circuit. — ^That  por- 
tion of  a  magnetic  circuit  included  within 
the  core  of  the  magnet. 

Internal  Mag^netic  Field.— -That  portion 
of  a  magnetic  field  included  within  the  core 
of  the  magnet. 

Internal  Polarisation. — A  polarization 
which  takes  place  in  living  organic  tissues 
when  a  strong  electric  current  is  passed 
Uirough  them. 

Internal  Poles  of  Dynamo. — ^The  poles 
of  the  electromagnetic  field  of  a  dynamo. 

Internal  Pressure. — ^In  a  steam  boiler, 
the  force  with  which  the  confined  steam 


Sresses  against  the  boiler  walls  which  pro- 
uces  a  tensile  stress  in  the  shell.  In  the 
circumferential  direction,  this  stress,  per 
square  inch  of  metal,  is  equal  to  one-half 
the  diameter  of  the  shell  multiplied  by  the  pres- 
sure in  pounds  per  square  inch.  The  intensity 
of  longitudinal  stress  is  only  half  as  great  as  that 
in  the  oircumferential  direction.  In  a  kpherical 
shell  the  stress  is  only  half  as  n«at  as  in  a  eyHn- 
drietU  shell,  taken  under  similar  conditions  of 
diameter,  thickness  and  pressure* 

Internal  Resistance. — ^A  resistance  found 
in  an  electric  source  itself;  an  element 
which  bears  an  important  relation  to  the 
external  resistance  of  the  circuit. 

Internal  Resistance  of  CelL — ^An  inter- 
ference with  the  flow  of  electric  current 
which  takes  place  in  a  primary  cell  due  to 
resistance  within  the  c^,  depending  upon 
its  size,  shape  and  material. 

International  Ampere. — ^The  legal  value 
of  the  ampere  as  fixed  by  the  International 
Congress  of  Electricians,  held  at  Chicago 
in  1893;  one  tenth  of  the  unit  of  current  of 
the  C.  G.  S.  system  of  electromagnetic 
units,  represented  as  the  uniform  current 
which  deposits  silver  at  the  rate  of  0.001118 
grams  per  second  from  a  solution  of  given 
fixed  strength  of  nitrate  of  silver  in  water. 

International  Candle. — A  photometric 
miit  established  by  agreement  between 
authorities  in  Great  Britain,  France  and 
America  in  1909,  and  to  be  approved  by 
other  countries.  The  new  imit  is  1.6  per 
cent,  less  than  the  candle  hitherto  standard 
in  the  U.  S.  The  international  oandle,  as  it  is  to 
be  known,  now  equals  1  pentane.  1  bougie  decim- 
ate, 1  American  candle,  1.11  Hefner  unit,  0.104 
Carcel  unit. 

International  Conlomb. — ^The  legal  value 
of  the  coulomb  as  fixed  by  the  International 
Congress  of  Electricians,  held  at  Chicago  in 
1893;  the  amount  of  electricity  borne  past 
a  ^ven  point  by  a  current  of  one  inter- 
national ampere  in  one  second  of  time. 

International  Farad. — ^The  legal  value 
of  the  farad  as  fixed  by  the  International 
Congress  of  Electricians,  held  at  Chicago  in 
1893;  the  capacity  of  a  condenser  charged 
to  a  potential  of  one  international  volt  by 
one  international  coulomb  of  electricity. 

International  Henr^. — ^The  legal  value 
of  the  henry  as  fixed  by  the  International 
Congress  of  Electricians,  held  at  Chicago  in 
1893;  the  induction  in  a  circuit  when  the 
electromotive  force  induced  in  the  circuit 
is  one  international  volt,  while  the  inducing 
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current  varies  at  the  rate  of  one  ampere 
per  second. 


Intenuktiojial  Joule* — ^The  legal  value  of 
the  joule  as  fixed  by  the  IntematioDal 
Congress  of  Electricians,  held  at  Chicago  in 
1893;  a  value  equal  to  10  units  of  work  in 
the  C.  G.  S.  system,  represented  by  the 
energy  expended  in  one  second  by  an  mter- 
national  ampere  in  an  international  ohm. 

Interiuitioiial  Morse  Code* — A  name 
sometimes  given  to  the  telegraphic  alpha- 
bet used  in  Europe  and  elsewhere,  to  dis- 
tinguish it  from  tne  American  Morse  code. 

Intenubtional  Ohia* — ^The  legal  value  of 
the  ohm  as  fixed  by  the  International  Con- 
gress of  Electricians,  held  at  Chicago  in 
1893;  a  value  equal  to  10^  units  of  resist- 
ance of  the  C.  G  S.  system  of  electro- 
magnetic units,  and  represented  by  the 
iVBistance  offered  to  a  unifoim  current  by  a 
oolumn  of  pure  mercury  which  u  106  3  centi- 
meters  long,  of  uniform  orooB  section,  containing 
14.4521  grams  of  mercuxy,  and  at  the  tempera 
ture  of  melting  ice. 

International  Volt. — The  legal  value  of 
the  volt  as  fixed  by  the  International  Con- 
gress of  Electricians,  held  at  Chicago  in 
1893;  the  electromotive  force  that,  applied 
to  a  conductor  having  a  resistance  of  one 
international  ohm,  will  produce  a  current 


of  one  international  ampere,  and  repredented  bv 
HIS  of  the  E.  M.  F.  between  the  poles  of  the  vol- 
taic oeU,  known  as  Clark's  cell,  at  a  temperature 


of  the  E.  M.  F.  between  the  poles  of  the  vo 
oeU.  known  as  Clark's  cell,  at  a  tempera 
of  16°  C.,  prepared  according  to  specification. 


L 


International  Watt. — ^The  legal  value  of 
the  watt  as  fixed  by  the  International  Con- 
gress of  Electricians,  held  at  Chicago  in 
1893;  a  value  equal  to  10^  units  of  power 
in  the  C.  G.  S.  system,  and  represented  as 
the  work  done  at  the  rate  of  one  joule  per 
second. 

Interpolar  Gap  or  Space. — ^The  air 
space  between  the  pole  pieces  of  a  dynamo 
or  motor. 

Interpole. — ^A  small  auxiliary  pole  intro- 
duced between  two  main  field  poles  of  a 
motor  or  dynamo  in  order  to  produce  a 
compensating  field  under  heavy  loads;  a 
compensating  or  commutating  pole. 

Interpole  Dynamo. — A  direct  current  dy- 
namo, especiallv  one  driven  by  a  steam 
turbine,  provided  with  auxihary  poles 
between  tne  main  field  poles,  thereby  con- 
stituting a  compensating  field  which  serves 
to  reduce  the  sparking  due  to  high  fre- 
quency of  conunutation.   v 


Interpole  Motor. — ^A  shunt,  compound  or 
series  motor  whidi  has,  between  the  regu- 
lar field  poles,  smaller  ones  with  coils  carry- 
ing ail  or  part  of  the  line  current,  for  the 
purpose  of  producing  a  reversing  field  £or 
the  coil  undergoing  commutation  Inter- 
pole motoiB  spark  less  than  other  tsnpw  under 
Deavy  loads,  and  hence  motors  can  be  designed 
with  interpoles  to  carry  much  higher  £.  m  F. 
than  before;  a  eummutaltng  or  compeMoting  poU 
motor. 

Interrupted. — Broken  in  upon;  having  the 
continuity  of  the  current  broken;  as,  by  a 
contact  breaker. 

Interrupted    Current    System.  —  A 

method  of  electric  distribution  by  continu- 
ous currents  broken  at  regular  intervals. 

Interrupter. — 1.  A  device  for  opening  and 
closing  an  electric  circuit,  in  which  a  vi- 
bratmg  spring  or  similar  arrangement 
makes  ana  breaks  a  circuit  at  rapid  inter- 
vals. 

2.  On  an  ignition  magneto,  a  device  for 
breaking  the  primary  circuit  at  the  time  a 
spark  is  requu^. 

Intersection. — 1.  The  act  of  cutting  or 
crossing;  as,  two  lines  meeting  in  the  same 
plane. 

2.  The  point  where  two  lines  cut  or  cross 
each  other. 

Interstice. — ^That  which  intervenes  be- 
tween one  thing  and  another;  especially, 
an  empty  space  between  things  closely  set, 
or  the  parts  which  compose  a  body;  a  hole; 
an  interval. 

Interurban  Communication. — Conmiu- 
nication  by  telegraph  or  telephone  between 
neighboring  towns. 

Interurban    Electric    Railway.  —  An 

electric    railway    connecting    neighboring 
towns. 

Interurban  Telephony. — Telephone 
communication  between  neighboring 
towns. 

Intorsion. — A  winding,  bending  or  twisting; 
as,  in  electric  wiring. 

Intra-molecuiar. — ^Within  the  body  of  a 
molecule. 

Intra-polar  Electrolysis. — The  electrol- 
ysis which  occurs  immediately  between 
electrodes,  apart  from  that  which  takes 
place  about  tnem. 
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Intrinsic  Brilliancy* — ^The  intensity  of 
the  light  per  unit  area  of  the  luminouB 
source. 

Intrinsic  Brilliancy  of  Crater.— The 
'total  quantity  of  light  emitted  by  an  elec- 
tric arc  is  the  product  of  the  intrinsic  bril- 
liancy multiplied  by  the  area  of  the  crater. 
From  expenments  of  M.  YioUe.  it  appears 

that  the  intrinsic  brilliancy  of  the  crater 
remainB  constant  yihea  the  power  supplied  is 
raised  through  a  considerable  range.  The  in- 
trinsic briUian<^  of  a  fully  developedTaro  has  been 
estimated  at  190  candle  power  per  square  milli- 
meter of  crater  area. 

Intrinsic  Electrisation* — Electrification 
of  a  body  due  to  natural  causes  inherent 
in  the  siUNstance. 

Intrinsic  Intensity  of  Liyht.— The 
amount  of  light  given  by  a  lummous  source 
per  unit  area. 

Intrinsic  Mapietisation* — Impressed 
magnetization,  as  distinguished  from  that 
caused  by  electric  currents. 

Invariable  Calibration* — A  calibration 
for  preserving  constant  the  intensity  of  a 
galvanometer  field,  notwithstanding  the 
proximity  of  masses  of  iron. 

Inverse*  —  Opposite  in  order;  reversed; 
opposed  to  direct. 

Inverse  Corrent. — 1.  The  make  induced 
current;  the  current  set  up  by  self-induc- 
tion when  a  circuit  is  closed. 

2.  The  current  produced  by  induction 
in  the  secondarv  coil  of  a  transformer  when 
the  circuit  of  the  primary  is  closed. 

Inverse    Electromotive    Force* — An 

electromotive  force  acting  in  an  opposite 
direction  to  the  prevaiUng  electromotive 
force  in  a  circuit. 

Inverse  Ratio* — ^That  formed  by  invert- 
ing the  terms  of  a  given  ratio;  thus,  8  : 9 
is  the  inverse  of  9 : 8. 

Inverse  Square  Law* — ^Electric  forces 
and  various  other  physical  phenomena  are 
observed  to  decrease  in  intensity  as  the 
point  of  application  recedes  from  the  point 
or  source  from  which  the  effect  proceeds. 
If  the  intensity  of  a  force,  as,  for  instance, 
macnetic  attraction,  at  a  given  point  be  /,  and 
the  distance  of  the  point  from  tbe  source  of  the 
force  be  r,  the  law  may  be  expreased  in  an  equa- 
tion aa  follows: 

'      r» 
in  whidh  ib  is  a  oonatant. 


Inversion*  Electric* — ^A  method  by 
which,  when  the  solution  of  a  problem  in 
electro-statics  has  been  obtained,  it  is  pos- 
sible by  a  geometrical  process  to  obtain  the 
solution  of  another. 

Inversion  of  ImaMS* — In  electrostatics, 
the  application  of  the  mathematical  theory 
of  inversion  in  the  solution  of  problems. 
When  any  one  problem  is  solved,  the  solu- 
tion of  another  may  be  deduced  by  a  purely 
geometrical  process. 

Inverted  Arch* — An  arch  whose  crown  is 
turned  downwards,  the  keystone  thus  being 
its  lowest  point.  It  is  used  in  foundations, 
in  the  'floors  of  tunnels,  etc.,  where  it  is 
necessary  to  sustain  great  pressure.  An 
inverted  arch  is  employed  underneath  large 
openings  in  the  waus  of  buildingSi  to  pre- 
vent deformation  of  the  pillars  imder  the 
side  thrust. 

Inverted  Arc  Lamp* — ^An  arc  lamp  in 
which  the  negative  carbon  is  above  the 
positive  instead  of  being  below  it,  as  is 
usually  the  case. 

Inverted  Converter* — A  name  sometimes 
given  to  a  rotary  converter  for  changing 
direct  currents  into  alternating  currents. 

Inverted  Djmamo* — An  under-type  dy- 
namo; a  dynamo  in  which  the  armature 
is  placed  below  the  field  coils  and  yoke  in 
order  to  secure  greater  stability  and  free- 
dom from  vibration. 

Inverted  Rotary  Converter* — A  name 
sometimes  given  to  a  converter  that  is  run 
as  a  direct  current  motor  for  supplying  an 
alternating  cmrent.  When  so  run,  the 
speed  increases  when  the  field  becomes 
weak,  and  lessens  when  the  fields  strengthen, 
but  the  ratio  to  each  other  of  the  direct 
and  alternating  electromotive  force  re- 
mains unchanged. 

Inverted  Syphon* — In  hydraidics,  a  con- 
duit, shaped  like  a  gigantic  U,  by  means 
of  which  water  mains  are  carried  imder- 
neath  rivers,  etc.,  the  water  rising  as  high 
on  the  further  shore  as  on  the  other,  owing 
to  a  fimdamental  principle  of  hydrostatics. 

Invert  Insulator* — A  line  insulator  set 
inverted. 

Invisible  Electric  Contact  Mattinff* — 

A  floor  covering  supplied  with  concealed 
electric  contacts  whicn  close  the  circuit  of 
an  alarm  when  a  person  treads  upon  them. 
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Invisible  Speetnun. — ^Tbe  irrfra-red  rays 
at  one  end  of  the  spectrum  and  the  uUror 
violet  rays  at  the  other,  which  cannot  be 
perceived  by  the  eye. 

Inward  Flow  Turbine* — ^In  hvdraulics, 
a  water  motor  consisting  essentially  of  two 
horizontal  rings  of  buckets,  one  ring  being 
enclosed  within  the  other,  and  its  buckets 
or  chiUes  becoming  the  guides  to  a  column 
of  water,  which  having  descended  by  grav- 
ity imder  a  definite  head,  is  caused  to 
impinge  on  the  buckets  of  the  inner  ring 
and  to  turn  it  by  reaction. 

lonie  AttrarCtion. — The  attraction  be- 
tween anions  and  cations, 

Ionic  ConduetiTities. — The  conductivi- 
ties of  ions,  which,  in  proper  combinations, 
give  molecular  conductivities  of  an  elec- 
trolyte. 

loniaation* — 1.  The  breaking  up  of  a  com- 
pound, as  an  electrolyte,  into  positive  and 
negative  ions. 

2.  As  applied  to  gases,  which  have  free 
ions  in  small  numbers,  it  is  the  breaking 
up  of  atoms  into  positive  and  negative  ions 
by  the  application  of  proper  external  en- 
ergy, thus  producing  electric  conductivity 
in  gases. 

Ions, — 1.  The  products  of  electrolysis  which 
appear  at  the  electrodes;  the  component 
vniich  appears  at  the  anode  is  called  the 
anionj  or  electro-negative  component,  and 
that  which  appears  at  the  cathode  is  called 
the  cation  or  electro-positive  component. 

2.  In  gaaea^  the  elements  to  which  and  to  whose/ 
motion*  under  the  action  of  electric  forces,  is  sup- 
posed to  be  due  their  electric  conductivity. 

PR  Activity. — ^The  electric  activity  wasted  • 
in  heating  the  conductor,  caused  by  the 
opposition  offered  to  the  flow  of  the  cur-  • 
rent  by  the  mass  of  the  conductor;  the 
C"R  activity.  It  is  eoual  to  the  square  of  . 
the  current  strength  muLtiflied  by  the  resist-  , 
ance. 

Iridescence. — ^An  effect  of  the  interference 
of  light  upon  certain  surfaces,  exhibiting 
intermingling  colors,  as  of  the  rainbow. 

Iridium  Lamp. — An  incandescent  lamp 
employing,  for  filament  material,  the  rare 
metal,  iridium,  in  the  form  of  a  powder 
mixed  with  a  binding  medium  and  squirted 
into  threads.  The  low  voltage  of  this  lamp  . 
and  the  scarcity  of  iridium  prevent  the 
commercial  success  of  this  type. 


I'R  Loss. — ^The  loss  in  an  electric  circuit 
due  to  the  resistance.  It  is  computed  as 
e<iual  to  the  square  of  the  current  I'  mul- 
tiplied by  the  resistance. 

Iron. — One  of  the  metallic  elements.  Of  all 
metals,  none  plavs  so  important  a  part  in 
civilization,  mechanical  advance,  etc..  as 
iron;  it  is  obtaioed  from  ores  in  which  it 
is  combined  with  earthy  or  stony  substances 
and  frequently  with  carbon,  phosphorus, 
sulphur,  arsenic,  magnesia,  etc.;  iron  is  never 
found  in  its  native  condition,  chemically  pure, 
nor  is  any  iron  manufactured  in  a  large  way 
found  to  be  free  from  impurities.  Iron  is  put 
upon  the  market  in  four  forms:  (1)  cost  iion; 
(2)  malleable;  (3)  wrought  iron;  (4)  steel.  Dif- 
ferent names  are  given  to  iron  as  needed  to 
describe  its  size,  form,  quality  or  use,  thus: 
gossamer  iron  (sponge  iron),  hoop,  band,  scroll, 
tee,  groove,  plate,  bar,  angle,  flat,  rod,  sheet. 
hexagon,  galvanised,  hone  shoe,  cailroad  ana 
scrap  iron. 

Iron  Armored  Conduit. — A  conduit  for 
electric  wiring  which  is  protected  by  an 
outside  casing  of  iron. 

Iron  Cement. — In  steam  engineering,  the 
material  used  for  making  rust  joints.  It 
consists  of  iron  borings,  passed  through  a 
J  or  t  sieve,  mixed  with  sal  ammoniac  and 
dampened.    Sulphur  is  usually  added. 

Iron-eUkd. — Covered  with,  or  clad  in  iron. 

Iron-cl*d  Amubture. — A n  armature 
which  has  its  windings  sunk  into  deep  chan- 
nels or  grooves  in  the  surface  of  its  core. 

Iron-dad  Drop. — An  annunciator  having 
an  iron-clad  electromagnet. 

Iron-clad  Dynamo. — 1.  A  dynamo  hav- 
ing an  iron-clad  armature. 

2.  A  dynamo  in  which  the  iron  of  the 
field  magnet  encloses  both  the  magnet  coils 
and  the  armature. 

Iron-clad  Electromagrnet. — A  type  of 
electromagnet  designed  to  offer  powerful 
attraction  through  a  short  distance;  it 
consists  of  a  short  cylindrical  electromag- 
net with  an  outer  tube  united  to  the  iron 
core  at  the  bottom;  a  tvbxdar  electromagnet. 

Iron-clad  Inductance. — Inductance  per- 
taining to  an  iron  magnetic  circuit. 

Iron-clad  Motor. — A  motor  provided  with 
an  iron-clad  armature. 

Iron-clad  Rheostat. — A  resistance  box 
having  its  insulated  coils  sunk  into  a  mass 
of  iron. 
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Iron  Core. — ^The  mass  of  iron  f ormiDg  the 
central  portion  of  an  electromagnet  or 
armature  around  which  the  coils  are  woimd. 

Iron  Core  Loss. — ^The  electric  losses  oc- 
curring in  armatures  and  transformers  due 
to  hysteresis  and  eddy  currents  in  the  iron 
of  the  core. 

Iron  Covered  Cable. — ^A  submarine  cable 
sheathed  with  iron. 

Iron   Enclosed   Eleetromftgnet.-^An 

iron-clad  electromagnet. 

Iron  Loss  in  Transformer. — ^The  elec- 
trical loss  in  a  transformer  due  to  hyst^^sis 
and  eddy  currents  in  its  masses  of  iron. 
The  amount  of  loss  due  to  eddy  or  Foucault 
currents  is  uncertain  but  it  may  be  mini- 
mized by  laminating  the  core.  The  qual- 
ity of  the  iron  and  value  of  the  macnetie  induc- 
tion are  factors  upon  which  the  hystereeia  loes 
depends  The  work  lost  during  each  complete 
maccnetic  cycle,  is.  according  to  Steinmeta.  ex- 
praised  by  the  following  equation: 

in  which,  B  =  the  induction:  h  being  a  coefficient 
depending  on  the  nature  of  the  iron  and  the  unit 
of  mass  chosen. 

Iron  Magnetic  Circuit. — A  term  some- 
times applied  to  a  magnetic  circuit  com- 
pleted wholly  within  iron;  a  ferric  magnetic 
circuit. 

Iron  Pyrites. — A  natural  metallic  sulphide 
of  iron,  utilized  in  the  manufacture  of  sul- 
phuric acid,  sulphate  of  iron  and  alum.  It 
IS  sometimes  mistaken  for  gold,  but  may 
be  distinguished  by  its  hardness  and  brittle- 
ness. 

Iron  Relnctance.  —  Magnetic  resistance 
due  to  the  iron  present  in  a  magnetic  cir- 
cuit. 

Iron  Wire. — Iron  has  been  extensively 
used  for  electrical  conductors,  especialljr  in 
telegraph  and  telephone  circuits,  but  it  is 
so  rarely  free  from  allo3ring  materials  that 
only  the  best  product  can  be  used  for  this 

gurpose.  Iron  from  Norway,  Sweden  and 
uasia  is  superior  to  domestic  iron  because  of  the 
precise  lefiniiui  methods  employed  in  those  coun- 
tries. The  electrical  resistance  of  pure  iron  wire 
is  5.95  times  that  of  equivalmt  copper  wire.  Iron 
wire  is  only  employed  after  having  received  a  coat- 
ing of  line  by  toe  process  of  galvanising  to  prevent 
rust. 

Iron  Work  Fanlt. — ^A  fault  which  may 
occur  in  a  dynamo  due  to  the  grounding  of 
its  circuit  through  its  iron  frame. 


Irreciproeal  CondiietioB. — Electrical 
conduction  in  which  the  current  suffers  a 
change  by  a  reversal  of  dh!ection. 

Irroi^nlar  Magnetic  Flax. — ^A  converg- 
ing or  diverging  magnetic  flux. 

Irreg^nlar  Variations. — Variations  of 
the  magnetic  needle  occurring  irregularly. 

Irreversible  Cycles. — ^A  substance  is  said 
to  pass  through  a  cycle  of  operations, 
when  its  volume,  pressure  and  temperature, 
are  altered  in  such  a  way,  that  after  a  series 
of  changes  it  returns  to  its  original  state. 
When  these  series  of  changes  can  take 
place  in  one  way  only,  the  cycle  is  said  to 
be  irreversible. 

Irrerersible  Heat  Effect.— The  heat 
produced  by  an  electric  current  in  a  homo- 
geneous conductor;  it  is  the  same  regard- 
less of  the  direction  of  the  current;  also 
called  the  Joule  effect. 

Irritability*  Eleetrie.— The  tendency  to 
irritation  of  animal  tissues  when  exposed 
to  an  electric  current  or  discharge. 

Irrotational  Stress.— Stress  devoid  of 
rotation. 

X  Section. — ^In  building,  a  rolled  I  beam. 

Isobaric  SnrlSiMe. — A  surface  in  the  air, 
all  points  of  whidi  have  the  same  baro- 
metiicai  pressure. 

V  Isobars. — ^Lines  drawn  upon  a  map  or  chart 
connecting  places  on  the  earth's  surface  in 
wUch  the  barometric  pressure  is  the  same; 
also  called  isobaric  or  teobarometric  lines, 

Isochasmic  Corves. — Lines  drawn  upon 
a  map  bounding  zones  of  the  earth's  surface 
which  have  the  same  annual  number  of 
auroras. 

Isochromatic. — Of  the  same  color  or  tint; 
of  uniform  color  throughout. 

Isochronism. — The  property  of  performing' 
oscillations  in  equal  spaces  of  time. 

Isochroniae. — ^To  cause  to  vibrate  in  equal 
spaces  of  time. 

Isodironous. — ^A  term  applied  to  two  or 
more  different  motions  wnich  occur  in  the 
same  time,  or  having  equal  times. 


InochronouM  Gonoemor. 
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hynchrorums  VtbratUmB. 


laoehronous  €k>venior.  —  A  governor 
which  is  very  steady  at  one  fixed  speed,  but 
which  requires  only  a  slight  variation  in 
spe«d  to  make  the  arms  fly  up  or  down, 
according  as  the  speed  increases  or  lessens 
This  is  effected  by  placing  a  cross  piece 
upon  the  governor  Bpindle,  the  two  ball  arms 
beins  hinced  to  this  piece  in  s  crosswise  manner. 
so  that  the  ball  is  on  the  opposite  side  of  the 
spindle  to  its  pin.  Care  needs  to  be  taken  in 
desiring  such  a  governor  that  it  is  not  over- 
sensitive. 

laoekronons  OseUlJttiona  or  Vibra- 
tions.— Vibrations,  as  of  a  pendulum,  per- 
f  (Wined  in  equal  times. 

equal 


or  Isoeliaie*— *: 

magnetic  inclination  or  dip. 


laoclinic  Lines* — ^Lines  drawn  upon  a  map 
passing  through  points  upon  the  earths 
surface  which  have  the  same  magnetic  in- 
clination or  dip. 

Isodjnamic  Lines* — Lines  drawn  upon  a 
map  passing  throush  the  points  on  the 
earth's  surface  which  have  the  same  hori- 
zontal magnetic  intensity. 

Isodynamic  Map. — A  map  upon  which  is 
drawn  a  system  of  isodynamic  lines. 

Isoelectrie  Points. — In  electro-therapeu- 
tics, points  which  have  equal  potential. 

Isoi^nic  Lines^^Lines  drawn  upon  a  map 
passing  through  points  on  the  earth's  sur- 
face which  have  the  same  magnetic  declina- 
tion. 

Isogenic  Map. — ^A  map  upon  which  is 
drawn  a  system  of  isogonic  lines;  a  varicb- 
tummap. 

Isolated  Eleetrie  Lic^htinff.— Electric 
lighting  by  means  of  an  installation  situated 
on  the  premises,  and  not  depending  upon  a 
general  distributing  station. 

Isolated  Plant. — ^An  electric  installation 
situated  upon  the  premises  where  the  power 
is  to  be  utilized. 

Isolated  Station  Switchboard.— A  tele- 
phone switchboard  for  a  sub-station,  or  for 
private  use. 

Isolating  Switch. — A  switch  whereby  an 
electric  lamp  may  be  cut  out  of  a  circuit 
without  affecting  the  other  lamps  on  that 
circuit. 


Isolnz. — ^A  line  drawn  through  points  of 
equal  illumination  upon  a  lighted  surface. 

Isomerism. — Identity  of  composition  and 
molecular  weight  in  substances  which  differ 
in  physical  or  chemical  properties,  or  both. 

Isometric  Projection. — A  method  of  per- 
spective drawing,  employed  in  delineating 
mechanical  objects,  it  enables  three  sides 
to  be  seen  at  one  view,  being  a  projection 
on  lines  equally  inclined  to  the  tnree  prin- 
cipal axes  of  the  object  delineated,  the 
angles  remaining  the  same  as  in  plane  draw- 
ing. 

Isothermal  Expansion. — ^Takes  place 
when  a  gas  expands  while  its  temperature 
remains  constant,  heat  being  added.  The 
opposite  of  isothermal  compression.  The 
volume   of   a    perfect    gas,    according  to 

Mariotte's  law,  varies  inversely'as  its  pres- 
sure when  the  temperature  is  kept  constant.  The 
curve  constructed  from  this  law  is  called  the  iso- 
thermal curve,  or  curve  of  equal  temperatures 
and  is  the  common  or  rectangular  hyperbola. 
This  curve  is  generally  used  in  calculations  of 
steam  engines  as  the  relation  of  pressures  and 
volumes  of  saturated  steam  is  approximated  by 
the  curve. 

Isothermal  Lines. — 1.  In  phvsics,  lines  of 
equal  teniperature,  as  opposed  to  adiabatic 
curves.  Isothermal  lines  are  those  pro- 
duced on  diagrams  of  work  under  varying 
pressure  with  constant  temperature. 

2.  Lines  drawn  upon  a  map  passing 
through  points  upon  the  earths  surface 
which  have  the  same  mean  temperature. 

Isothermal  Surlkces. — Surfaces  having 
the  same  temperature.. 

Isotropic. — A  term  applied  to  bodies  which 
have  equal  properties  in  all  directions. 

Isotropic  Conductor. — A  conductor  hav- 
ing equal  properties  of  electrical  conduction 
in  every  direction  through  its  mass. 

Isotropic  Dielectric. — A  dielectric  hav- 
ing equal  properties  of  induction  in  every 
direction  tnrough  its  mass. 

Isotropic  Medium. — Any  medium  having 
equal  properties  in  all  directions. 

Isthmus  Method  of  Magnetisation. — 

A  method  by  which  magnetization  may  be 
strongly  concentrated  by  placing  a  narrow 
neck  of  iron  between  the  poles  of  an  electro- 
magnet. 

IsT'nchronons  Vibrations. — ^Vibrations 
which  occur  in  harmony  or  in  equal  times. 


jKbloehkoff    Caadl*.  — An 

early  form  of  arc  lamp  con- 
aiatmg  of  two  parallel  carbons 
separated  by  a  thin  strip  of  in- 
Siuatinp  material,  the  electric 
arc  being  formed  across  the  tjps  of  the 
two  corboDs,  and  maintained  by  an  alter- 
nating current  in  order  that  both  carbons 
may  consume  equally. 

J»bloehkoir  Igniter.— A  little  caition 
strip  placed  across  the  tips  of  the  parallel 
carbons  of  a  Jablochkoff  candle  in  order  to 
start  the  arc  between  them. 

Ja,bla«hkofl;  Paul.— Bom  1847,  died 
1894.  A  RussiaD  electrician,  noted  for  the 
invention  (1878)  of  an  early  type  of  arc 
lamp  known  as  the  Jablochkoff  candle. 

Jftek. — In  t«lephony,  a  tpring  jack;  a  form 
of  metallic  spring  contact  set  in  the  switch- 
board and  forming  the  termination  of  a 
subscriber's  Ime,  connections  with  which 
are  made  b^  three  wire  cords  terminating 
in  phigt  which  are  inserted  through  a  bole 
in  the  board  leading  into  the  jack. 

Jaekat. — 1.  Acoveringfora  steam  cylinder, 

Eipe,  Of  the  like,  to  prevent  the  escape  of 
eat. 
2.  Ad  nnniiTar  space  suTTounding  an  en- 
gine cylinder  into  which  live  steam  is  ad- 
mitted  to  prevent  initial  condensation  of 
the  steam  within  the  cylinder. 


Jftflk  Hal*.— A  hole  in  a  telephone  switch- 
board through  which  a  plug  is  inserted  into 
A  spring  jack. 


imeh  Screw."<A  device  for  raising  heavy 
weighta,  in  whifch  the  power  of  the  screw  is 
appued. 


Jftcobl.    Morlta    H«ru»nn 

TOD.— Bom  ISOl,  died  1874. 
A  German  physicist.     He  in- 
vented the  first  electromotor 
(1834),  and  a  process  of  elec- 
trotyping  (1839),  besides  ear* 
rying  on  important  researches 
in  physics.    In  1835  he  pub- 
lisbed  a  remarkable  essay  on  tiie  applica- 
tion of  electromagnetism  to  the  operation 
of  machines,  and  another  on  gaWanopUft- 
tics  in  1840. 


done  by  an  electric  motor  when  the  counto'- 
electromotive  force  equals  one-half  of  the 
impressed  electromotive  force. 

Jacobl'a  Unit  of  CorrAat.— A  unit  of 
electric  current  equal  to  .0961  of  an  ampere; 
a  current  which  will  liberate  a  cubic  centi- 
meter of  oxygen  and  hydrogen  per  second 
in  a  water  voltameter,  the  gases  being  taken 
at  a  temperature  of  0°  C,  and  a  barometric 
pressure  of  760  millimeters. 

Jacobl'a  Unit  of  Realatanoe. — A  unit  of 

resistance  equal  to  ,6296  of  a  legal  ohm;  it 
is  the  reaistaiice  offered  by  a  certain  copper 
wire  25  ft.  in  length  and  weighing  345 


_  —In  steam  engineering,  the  stick- 
ing of  cocks  and  safety  valves  in  their  seat- 
ings,  due  to  a  wedging  action  induced  by 
various  circumstances.  Safety  valves  jam 
by  reason  of  corrosion  or  distortion^  cocks 
through  too  slight  an  angle  being  given  to 
their  plugs,  and  also  from  corrosion. 

Jam  Nut. — A  nut,  placed  in  contact  with 
the  main  nut  on  the  same  bolt,  to  keep  the 
main  nut  from  turning. 

Jandaa  Lamp, — A  form  of  arc  lamp  in 
which  the  arc  itself  is  enclosed  in  a  small 
and  almost  air  tight  glass  cylinder.  The 
outer  globe  is  arranged  with  asbestos 
washers  preventing  the  ingress  of  air. 
Under  such  conditions,  the  consumptioo 
"'    ------  lidcrably   reduoed. 


o  the 


sure  of  th«  iB«rt  ^ 


Japan. 
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The  only  moving  parts  when  the  lamp  is  burning 
are  the  electromagnet  core,  pole  piecOf  and  the 
attachment  for  operating  the  carbon. 

Ja.paii« — A  variety  of  enamel  sometimes 
used  for  the  insulation  of  electrical  ma- 
chines, as  when  the  smooth  core  of  an 
armature  is  japanned  to  increase  the  in- 
sulation of  tne  conductors  from  the  iron 
body.  Japan  is  a  varnish  which  is  dried 
in  a  hot  stove  after  application  of  each  coat, 
giving  a  brilliant  and  durable  surface. 

Jar. — ^A  vessel,  as  of  earthenware  or  glass, 
with  a  large  body  and  broad  mouth. 

Jar  Battery. — ^A  battery  of  Leyden  jars 
for  accumulating  a  large  charge  of  electric- 
ity for  experimental  purposes.  The  jars 
are  grouped  with  all  theu*  inner  coatmgs 
connected  together  and  their  outer  coat- 
ings joined.  A  battery  of  this  kind  is 
capable  of  giving  a  powerful  shock. 

Jar,  Electric— The  Leyden  jar,  an  early 
form  of  electric  condenser.  It  consists  of 
a  wide  mouthed  glass  cylindrical  vessel 
coated  inside  and  out,  up  to  a  certain  dis- 
tance from  the  top,  with  tin  foil.    The 

coatings  form  the  two  plates  of  the  con- 
denser which  can  be  charged  to  a  high  potential 
difference  by  an  electrostatic  machine.  By  con- 
necting the  mner  surface  of  the  foil,  which  is  con- 
nected to  a  brass  knob  at  the  top,  with  the  outer 
coating,  a  powerful  spark  discharge  may  be  ob- 
tained. The  capacity  oi  a  Leyden  jar  is  equal  to 
the,  quantity  of  electricity  divided  by  the  voltage 
which  such  quantity  produces. 

Jar  of  Storage  Battery. — ^An  almost 
rectangular  jar  open  at  the  top  for  con- 
taining the  electrolyte  and  lead  plates  of  a 
storage  ceU. 


— 1.  A  grasping  tool  having  jaws;  as,  a 
monkey  wrench. 

2.  One  of  a  pair  of  members  between 
which  a  piece  of  material  is  held,  crushed 
or  cut;  as,  the  jaws  of  a  vise. 

Jaws  of  Switch* — The  metal  contact 
plates  into  which  fit  the  blades  of  a  knife 
switch. 

Jenkin,  Henry  Charles  Fleemin^. — 

Bom  1833,  died  1885.  A  Scottish  en^- 
neer  and  electrician,  distinguished  for  his 
experiments  with  electric  cables  (1858-73), 
and  for  his  work  on  electrical  standards 
(1861). 

Jet^  Condenser. — ^A  chamber  or  vessel 
within  which  the  exhaust  steam  from  an 
engine  meets  a  spray  or  jet  of  water  and 


Joining  Up, 

b  condensed.  The  heated  cooling  water, 
condensed  steam,  and  liberated  air  are  re- 
moved from  the  condenser  by  the  air  pump, 
which  deliven  the  water  into  the  hot  well,  whence, 
the  feed  water  supply  is  taken  by  the  pumps*  the 
surplus  escaping  through  the  overflow. 

The  iet  condenser  is  commonly  used  where  a 
larse  quantity  of  fresh  water  is  available.  Under 
ordinary  conditions,  the  temperature  of  the  hot 
weU  varies  from  110°  to  130°  F.  Usually  the 
amount  of  injection  water  required  is  from 
twenty-five  to  thirty  times  the  feed  water.  The 
exact  amount  is; 


Q« 


WH 


in  which,  Q  s  pounds  of  faijection  water  per 
poimd  of  steam  condensed:  'W  =  weight  of  steam 
condensed;  H  =  heat  units  given  up  by  one 
pound  of  steam  in  condensing;  R  s  rise  in  tem- 
perature of  the  injection  water. 

Jet  Photometer.  —  An  instrument  for 
measuring  the  intensity  of  a  gas  light  by 
taking  into  consideration  the  height  of  a 
burning  jet  under  uniform  pressure  and 
temperature  conditions. 

JeweL — ^In  electric  measuring  instru- 
ments, sapphire  or  agate  points  employed 
as  pivots  in  preference  to  friction  wheels, 
knife  edges,  etc.  Agate  is  harder  than 
sapphire,  but  more  liable  to  crack,  so  that 
for  neavy  movements  and  those  subject  to 
vibration  and  rough  usage  sapphire  is  bet- 
ter. 

Jewelry,  Electric. — Miniature  incandes- 
cent lamps  mounted  as  scarf  pins  or  other 
ornaments. 

Jib  Crane. — One  that  lifts  weights  at  the 
extremity  of  an  inclined  arm  or  jib;  this 
differs  from  a  derrick,  in  that  the  load  can- 
not be  lifted  by  the  topping  lifts  or  peak 
blocks,  as  the  jib  is  supported  by  rigid  stajrs. 

Jif^ffer. — ^A  peculiar  type  of  transformer  of 
hi^  frequency  currents  employed  in  the 
Marconi  system  of  wireless  telegraphy. 

Jockey  €(ear. — ^A  gearing  connected  with 
a  cable  laying  apparatus^  consisting  of  so 
called  jockey  wheels  which  ride  over  the 
cable  as  it  passes  over  the  drum  and  pre- 
serve a  uniform  tension  so  as  to  avoid  slip- 
ping. 

Jockey  Wheel. — A  heavy  wheel  which 
rides  over  the  cable  upon  the  drum  of  a 
cable  laying  apparatus,  so  as  to  maintain 
the  tension  and  avoid  slip. 

Joininf^  Up. — The  act  or  prooesB  of  making 
an  electrical  connection. 


Joining  Up  a  Wire. 
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Journal  Friction. 


JoininiT  ^P  *  Wire* — ^Bringing  a  wire  in- 
to electrical  connection  with  a  circuit. 

Joint. — 1.  The  point  at  which  a  junction  is 
made. 
2.  The  junction  by  which  any  two  parts 

are  united. 

A  good  electrical  joint  should  have  conductiv- 
ity, mechanical  strength,  durability,  and  facility 
for  insulation.  In  making  a  joint  it  may  be 
braced,  soldered,  welded,  or  as  usually  made,  the 
two  ends  of  the  conductors  are  brou^t  into  close 
metallic  contact  and  secured  in  position  by  twist- 
ing the  ends.    This  is  known  as  a  dry  i<nnL 

Joint  Admittance. — The  combination  of 
several  parallel-connected  admittances. 

Joint  Conduotanee. — The  combination  of 
several  parallel-connected  conductances. 

Joint  Cooling  Tray. — ^A  tra^  containing 
ice  water,  or  a  special  coohng  mixture, 
employed  to  hasten  the  cooling  of  a  cable 
core  joint. 

JointlesB  Conductor. — ^A  conductor 
formed  of  a  single  length  of  wire,  and  there- 
fore free  from  joints. 

Joint  Magnetomotive  Force. — A  com- 
bination of  several  magnetomotive  forces 
acting  together. 

Joint  Pin. — A  pin  on  which  a  double  eye 
or  forked  joint  is  hinged,  the  pin  fitting 
tiehtly  in  one  member  and  hinged  in  the 
other. 

Joint  Reluctance. — ^The  combination  of 
several  parallel-connected  reluctances. 

Joint  Resistance. — The  combination  of 
several  parallel-connected  resistances. 

Joint  Tron^h. — A  trough  containing  ice 
water  or  a  special  cooling  mixture  employed 
to  hasten  tne  cooling  of  a  cable  core  jomt. 

Joule. — ^The  practical  unit  of  electrical 
^i^^ffVf  equal  to  10^  absolute  units  or  ergs; 
the  amount  of  work  done  when  one  coulomb 
of  electricity  moves  under  a  pressure  of  one 
volt;  ^e  volt  coxdomb.  It  derives  its  name 
from  J.  P.  Joule,  the  English  scientist. 
One  joule  is  equal  to  .73732  foot  pounds  or 
.24  calorie.  One  joule  per  second  equals 
one  watt;  4.2  joules  equal  one  small 
calorie. 

Joule  Effect. — ^The  heat  produced  by  the 
resistance  offered  by  a  conauctor  to  the  flow 
of  an  electric  current. 


Joule*  James  Preaeott. — ^Bom  1818, 
died  1889.  An  English  physiciat.  At  the 
age  of  nineteen,  he  invented  an  electro- 
magnetic engine.  He  was  the  first  to 
ascertain  the  mechanical  equivalent  of 
heat,  working  for  forty  years  m  its  deter- 
mination. In  1847  he  stated  the  doctrine  of  the 
conservation  of  energy.  He  made  many  impor- 
tant researches  in  electricity  and  thermodvnam- 
ios,  disoovering  the  law  known  as  Joule  s  law 
for  determining  the  relation  between  the  heat  and 
the  oorrent  pressure  and  time  in  an  electric  cir- 
cuit. His  name  has  been  given  to  the  unit  of 
electric  worlc,  the  joule. 

Joule  Meter.— An  instniment  for  measur- 
ing electrical  energy  in  terms  of  the  joule. 

Joule  Per  Second. — A  unit  of  electrical 
activity  involving  the  work  of  one  joule 
during  one  second  of  time. 

Joule*e  Electromagnet. — An  electromag- 
net having  a  hollow  cylindrical  core  with 
a  segment  cut  off  along  its  length. 

Joule*e  Equivalent. — The  mechanical 
equivalent  of  heat,  or  the  value  of  the  heat 
unit  in  terms  of  work.  The  mechanical 
equivalent  of  one  British  heat  imit,  as 
found  by  Joule  the  English  phsmicist,  is 
772  foot  pounds  for  1®  F.  It  is  the  power 
expendea  to  raise  1  lb.  of  water  1^  F.  £bc- 
periments  by  Rowland  and  others  give 
higher  figures.  The  accepted  value  is 
taken  at  778  foot  pounds. 

Joule*a  Law. — ^The  law  first  stated  by 

Joule,  that  the  quantity  of  heat  devdoped 

in  a  conductor  by  the  passage  of  an  electric 

current  is  proportional  to  l£e  resistance  of 

the  conductor,  to  the  square  of  the  strength 

of  the  current,  and  to  the  duration  of  the 

flow. 

Expraned  as  a  formula: 

H  =  I'RI, 

or,  heat  s  eunent*  X  resistanoe  X  time, 
s  pressure  X  currant  X  time. 
B  pressure*  X  time  •*•  resistanoe. 
s  l*Rl  X  J239  cnm  oi^iieB. 
s  I*R«  X  .000967  British  Thennal  Units. 

Journal  Friction. — The  friction  of  a  shaft 
in  its  bearings.  From  experiments,  it  ap- 
pears that  Uie  friction  of  a  perfectly  lub- 
ricated joiunal  follows  the  laws  of  liquid 
friction  much  more  closely  than  those  of 
solid  friction.  According  to  Thurston, 
oun  bronse,  babbitt*  and  other  soft  white  allosrs 
have  substantially  tibe.  same,  frictkm;.  in  other 


words,  the  friction  is  determined  by  the  nature 
of  the  unguent  and  not  by  that  of  the  rubbinc 
surfaces,  when  the  latter  are  in  good  condition. 
The  soft  metals  above  referred  to  on  account  of 
deficient  oonductivityt  run  at  higher  temperatures 
than  the  bronse. 


Jumper. 
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JtUe. 


Jumper. — 1.  A  short  length  of  wire  em- 
ployed to  make  a  connection  around  a 
oreak  in  a  circuit;  or  attached  around  an 
electrical  instrument  as  a  short  circuit 
whereby  it  may  be  readily  removed. 

2.  A  oridle  wire  for  oonnectins  the  tennioAk 
on  the  line  side  of  a  telephone  distributing  board 
and  the  oorresponding  wires  l*»^"ig  from  the 
switchboard. 

Jumping^  Point. — ^In  testing  the  range  of 
arc  light  carbons,  a  point  dunng  the  length- 
ening of  the  distance  between  the  carbons 
at  which  the  arc  makes  small  jumps  or 
sputters  out  of  the  crater  in  the  upper  car- 
bon. 

Jami>  Spark. — 1.  In  general,  a  spark  re- 
sulting from  a  sudden  discnar^  taking 
place  Detween  two  charged  bodies  across 
an  intervening  non-<»>nductor. 

2.  In  electric  ignition  for  internal  com- 
bustion engines,  a  system  in  which  tibe 
primary  current  is  converted  by  an  induction 
ooil  into  a  secondary  current  of  sufficimtly  high 
tension  to  cause  a  spark  to  jump  an  air  sap 
between  two  points  carried  by  a  spark  piui 
screwed  into  an  opening  in  the  cy] 
engine. 


a  spark    plug 
rlinoer  of  the 


Jump' Spark  Burner. — ^A,  variety  of  gas 
burner  in  which  the  gas  is  lighted  by  a 
jump  spark  across  two  electrified  points. 

Jnnetioa  Board. — A  telephone  switch- 
board for  the  terminals  c^  junction  lines. 

Junetion  Box. — ^A  box,  or  casing,  provided 
in  an  underground  distribution  system  in 
which  the  feeders  and  mains  are  connected 
and  other  connections  are  made:  a  fishing 
box* 


Junction  Calls. — Galls  received  at  a  tele- 
phone exchange  over  a  junction  line. 

Junction  Circuit. — ^A  telephone  circuit 
joining  a  trunk  line  circuit  with  a  subscriber. 

Junction  Line. — ^A  telephone  line  between 
two  exchanges,  as  distinguished  from  a 
subscriber's  une;  a  junction. 

Junction  Line  Pluff. — A  contact  plug  m 
a  telephone  junction  ooard. 

Junction  Operator. — An  operator  at  a 
telephone  junction  board  in  a  central  ex- 
change. 

Junction  Surfifcce  of  Primary  CeU. — In 

a  primary  cell,  the  surface  of  the  electrodes 
in  actual  contact  with  the  electrolyte. 

Junction  Wire. — The  iunction  line  be- 
tween two  telephone  exchanges. 

Junction  Working. — ^Telephone  working 
between  exchanges. 

Junk. — Old  rope;  old  planking;  scrap  iron; 
odds  and  ends. 

Juat  Non-oscillatory  Diecharc^e. — An 

electric  discharge  which  just  fails  to  be  an 
osdUatory  discharge. 

Jute. — ^The  coarse  strong  fiber  of  an  East 
Indian  plant  largely  used  for  gunny  sacks, 
cordage,  etc.  In  electric  practice,  jute  is 
employed  as  an  insulating  material,  espe- 
cially when  saturated  with  an  insulating 
eompoundL 


K. — 1.  The  symbol  of  electro^ 
Btatic  capacity. 

2,  The  symbol  for  specific 
inductive  capacity. 

x.—The  Greelc  small  letter 
kappa,  the  symbol  of  Tnag- 

nelic  sueceplibiliiy. 

Ka^oUn.— A  white  clay  reaultinR  from  the 
decomposition  of  feldspar,  used  for  making 
the  finest  porcelain,  hence  the  mime,  china 
day.  Experiments  have  been  made  with 
kaolin  for  insulating  purposes. 

Km»p  Line. — A  unit  line  of  magnetic  force 

_rj^~.„J      1...      I^..^.^  It      I.     .un..»l      t^      lUVUl 


by  electrifying  a  coin  orother  piece  of  metal 
resting  upon  a  sheet  of  dry  ^bs  and  then 
breathing  upon  the  place  where  the  coin 
lay.  In  this  way  a  faint  image  of  the  coin 
is  reproduced  upon  the  glass. 


k.  d.  «• — Abbreviation  for  cathodio  duration 


The  armature  of  a  magnet; 
the  bar  of  soft  iron  placed  across  the  poles 
of  a  horse  shoe  magnet  to  prevent  loss  of 
magnetism. 

2.  A  Dame  sometimes  given  to  one  of  the 
indatt/trs,  or  heavy  masses  of  soft  iron 
carried  upon  the  rotor  of  an  inductor  alter- 

KelTla  Bal»ne«. — An  accurate  standard 
instrument  invented  by  Lord  Kelvin  for 
measuring  electric  currents  by  their  direct 

magnetic  action. 


RvWIn,  WUUam   Thommon 

(lat    Bmron].— Bom    1824, 
died  1907.      A  noted   British 
physicist,  electrician  and  in- 
ventor.    After  completing  his 
education    at     Glasgow    and 
Cunbridce.  he  became  profoiior  of 
natuiBl  philosophy,  fint  at  Cam- 
bridta.   then  at  Glassow  llniver- 
■ity.  SBTviDg  in  ths  latl«r  capacity  lot  over  fifty 
yean       Dufiiu   the    period    of   layma   the  fiTit 
Atlastio  oabla,  ISST-ISBS.  already  enioyiag  the 
reputation  of  being  EngbJid's  Breal«t  electri- 
cian, he  waa  talleii  upon  to  lend  bis  linowlodge 

vented  the  minor  Mlvanomeler  and  the  aiphon 
ncorder.  Aft«r  tliB  he  wa»  tmamrA  m  eeveial 
cable  laying  undertskinn  for  a  period  of  ten 

Gian.    Amang  his  notable  inventtons.  ui  addition 
the  lefleoting  galvanometer  and  aiphon  recorder^ 


upon,  a  tidal  nuge.,*  ti< 


meaauring  mstrumcni 

honon  in  England,  : 
as  the  graateaC  final 


e  predicter  and  the 
Lt  precision  for  ^e 


Westminster  Abb«y. 


K«roseii«. — A  mineral  hydrocarbon  oil, 
distilled  from  petroleum  or  coal  oil.  It  is 
the  second  series  of  fractional  distillates, 
first  coming  the  lightest  or  gasolenes;  then 
the  illuminating  oils  or  kerosene;  then 
"solaroil"  for  gas  enrichment,  "middlings" 

)eum,'aometim«"be^"^used°BS  fuel,  sometimes 


E  is  left  but  . 


K«rr  Effect, — The  effect  produced  in  di- 
electrics when  subjected  to  electro-static 
stresses,  so  that  they  become  double  re- 
fracting in  their  relatJon  to  a  beam  of 
polarized  light.  Dr.  Kerr  showed,  in  1877, 
that  a  ray  of  polarized  light  is  also  rotated 
when  reflectfid  •'-  •>»  -..rf.,.  nf  i.  miumrl.  If  Ih* 
light  be  nflcc 


Key. — In  telegmphy,  a  device  for  making 
or  breaking  the  contacts  which  control  the 
passage  of  the  current;  a  steel  lever,  awung 


Keyboard. 
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on  a  piyot,  having  a  rubber  handle,  which 
the  operator  grasps  lightly  with  the  thumb 
and  forefingers.  On  pressing  the  lever 
downward,  a  platina  point  projectmg  under  the 
lever  is  brought  into  contact  with  another  platina 
point  aet  into  an  insulation  of  rubber  in  the  base 
of  the  key,  so  that  there  can  be  no  electrical 
connection  between  them  unless  the  key  is  pressed 
down  or  doaed. 

An  extra  lever  at  the  side  of  the  key  is  eaOed 
the  '*  circuit-closer,"  and  is  used  as  a  means  of 
keeping  the  circuit  closed  when  the  hand  of  the 
operator  is  not  on  the  key.  When  the  circuit- 
ewser  is  pushed  into  its  okwed  position,  it  makes 
contact  with  a  brass  lip.  which  latter  is  fastened 
to  the  rubber  along  with  the  lower  platina  point. 
This,  then,  has  the  same  effect  as  though  the  key 
was  pressed  downward  and  contact  made  at  the 
points. 

Keyboard* — A  board  upon  which  electric 
switches  are  mounted. 

Keyboard  Tranamitter. — A  variety  of 
telegraph  transmitter  used  with  the  print- 
ing or  dial  telegraph  system. 

Key  Lamp  Socket. — A  lamp  socket  hav- 
ing a  switch  for  opening  and  closing  the 
circuit  of  the  lamp. 

Keyleaa  Fire  Alarm  Box. — ^A  type  of 
fire  alarm  box,  which,  instead  of  opening 
with  a  key,  has  a  glass  front  which  must 
be  broken  before  the  alarm  can  be  set. 

Keyleaa  Lamp  Socket* — A  lamp  socket 
having  no  switch. 

Keyleae  Wall  Socket. — A  lamp  socket 
fitted  to  a  wall  having  terminals  to  which 
the  flexible  wires  leading  to  the  lamp  are 
connected  by  a  plug  block. 

iLg* — ^Abbreviation  for  kilogram. 

Itg*  wu — ^Abbreviation  for  kilogram  meter. 

Kick. — 1.  In  genera],  a  recoil. 

2.  Any  impulsive  movement  imparted 
in  telegraphy  to  delicate  instrument  parts 
by  a  discharge  from  the  line. 

Kiokinff  Coil. — A  name  sometimes  given 
to  a  cnoke  coil  consisting  of  ten  or  more 
turns  of  base  copper  introduced  into  a 
feeder  wire  at  the  point  when  it  leaves  the 
station,  to  protect  machines  from  surge 
currents  and  lightning  discharges. 

Kick  of  Coil. — A  discharge  taking  place 
from  an  electromagnet  coil. 

Kick  of  Relay. — ^An  impulsive  movement 
imparted  to  the  tongue  of  a  telegraphic 
relay  by  an  electric  discharge  from  the  line. 


Kiler^f. — ^The  same  as  kilo-erg. 

Billing  Wire. — 1.  A  method  of  straighten- 
ing wire  bv  applying  tension  to  it. 

2.  The  loss  of  elasticity  suffered  by  the 
contact  springs  of  switches  when  heated  to 
excess  by  the  electric  current. 

Kilo. — ^A  prefix  often  used  with  a  physical 
unit  to  aesignate  a  quantity  one  thousand 
times  as  great. 


Kilo-ampere* — ^A  unit  of  current,  equal  to 
1000  amperes. 


Kilo-ampere  Balance. — An  ampere  bal- 
ance which  measures  electric  current  in 
terms  of  kilo-amperes. 

Kilo-dyne. — A  unit  of  force,  equal  to  one 
thousand  dynes. 

Kilo-er^f. — ^A  unit  of  work,  equal  to  one 
thousand  ergs. 

Kilo-c^anaa. — A  unit  of  magnetic  flux  den- 
sity, equal  to  one  thousand  gausses. 

Kilo^am. — A  unit  of  mass  in  the  metric 
system  corresponding  to  a  standard  mass 
of  platinum  kept  in  Paris,  equal  to  one 
thousand  grams  or  2.2046  lbs.:  abbreviated 
kg. 


fl^ammeter. — A  imit  of  work;  the 
wo^  done  by  a  force  equal  to  the  weight 
of  one  kilogram  acting  through  a  distance 
of  one  meter,  7.233  foot  pounds. 

Kilo-henry. — A  unit  of  self-induction,  equal 
to  one  thousand  henrys. 

Kilo-Joule. — A  unit  of  work,  equal  to  one 
thousand  joules. 

Kilo-line. — ^A  unit  equal  to  one  thousand 
lines  of  force. 

Kilometer. — A  unit  of  length  in  the  metric 
system  equal  to  one  thousand  meters, 
3280.899  ft.,  or  0.62138  statute  miles. 

Kilometrio  Capacity  of  Cable.~The 
capacity  of  a  cable  measured  in  micro- 
farads per  kilometer. 

Kilometric  Insulation  of  Cable. — ^The 
insulation  of  a  cable  measured  in  megohms 
per  kilometer. 

Kilo-volt. — ^A  unit  of  electromotive  force, 
equal  to  one  thousand  volts. 
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KUo^volt  A]iipere«^A{)parent  power  in 
alternating  current  circuits  is  expressed  in 
kilovolt  amperes  when  the  real  power  is 
expressed  in  kilowatts. 


Kilowatt* — ^A  unit  of  electric  power,  eaual ; 
to  one  thousand  watts,  especially  applied 
to  the  output  of  dynamos.  Electric  power 
18  usually  expressed  in  kilowatts.  As  the 
watt  is  equal  to  fi^  horse  power,  the  kilo- 
watt eauals  SW  or  1.34  h.  p. 

The  kilowatt  is  sometimes,  erroneously, 
called  the  unit.  Thus,  a  fifty  kilowatt 
generator  is  sometimes  spoken  of  as  a  fifty 
unit  machine. 

Kilowatt  Hour. — The  work  performed  by 
one  kilowatt  of  electric  power  during  an 
hour's  time. 

Kilowatt  Hour  Meter. — A  type  of  re- 
cording wattmeter  measuring  in  terms  of 
kilowatt  hours. 

Kilo-weber* — A  unit  of  magnetic  flux 
equal  to  one  thousand  webers. 


— ^A  term  proposed  for  the  C.  G.  S. 
unit  of  velocity  equal  to  one  centimeter 
per  second. 


Kiaematica* — 1.  That  branch  of  mechan- 
ics which  treats  of  motion  without  reference 
to  mass  or  to  the  causes  of  motion,  as 
distinguished  from  dynamics. 

2.  The  theory  of  the  motions  of  p>arts 
of  machines  whereby  they  are  constrained 
to  fulfill  their  various  functions,  one 
variety  of  motion  being  employed  to 
produce    another. 

Kiaetio  Ener^. — The  energy  possessed 
by  a  moving  body  in  virtue  of  its  motion,  as 
distinguished  from  |>otential  energy,  or  that 
possessed  by  a  stationarv  body  tending  to 
motion.  It  represents  the  work  necessary 
to  bring  the  body  from  its  actual  velocity  to 
a  state  of  rest.  The  measure  of  actual 
energy  is  the  product  of  the  weight  of  the 
body,  multiphed  b^  the  height  from  which 
it  must  fall  to  acquire  its  actual  velocity. 

Uaetics* — ^That  branch  of  dynamics  which 
treats  of  forces  that  cause  or  change  motion 
in  bodies,  as  opposed  to  statics. 

Kinetic  Theory  of  Oaaea. — ^That  theory 
of  the  properties  of  gases  based  upon  the 
assumption  that  a  gas  consists  of  separate 
molecules,  each  possessing  a  finite  mass 


and  velocity^  and  obeying  the  ordinary 
laws  of  motion. 

BUnetie  Theory  of  Matter.— The  theory 
that  the  molecules  composing  matter  are  in 
a  perpetual  state  of  rapid  motion,  con- 
stantly colliding  with  one  another. 

Kin^  Le^f. — ^The  principal  or  vertical  leg 
of  a  tripod  supporting  a  derrick,  etc.;  the 
other  legs  are  known  as  queen  legs. 

ISAng  Post  Traaa. — ^A  truss  or  roof  prin- 
cipal constructed  with  a  king  post. 

Kinneraley*a  Thermometer. — ^An  elec- 
tric air  thermometer  consisting  of  a  g}ass 
vessel  enclosing  air,  and  communicating 
with  a  tube  partly  filled  with  water  or 
other  liquid.    Two  metal  rods  are  led  into 

this  tube  and  a  filament  of  gilt  paper  or 
ihin  wire  is  Buspended  betweea  the  two  Tods. 
When  aa  electric  discharge  paasee  between  the 
rods,  the  enclooed  air  is  heated  and  expands  which 
causes  a  movement  in  the  indicating  column  of 
liouid.  Observations  with  the  instrument  show: 
(1)  That  the  heatixig  e£Fect  of  a  chai]KS  in  a  wire 
of  given  length  is  inversely  proportional  to  the 
square  of  the  wire's  cross  section  area:  (2)  that 
the  total  heat  evolved  is  jointly  pmportwnal  to 
the  strength  of  the  chaige  and  to  the  fall  of  pres- 
sure. 

BlirchoU;  Chiatav  Robert.— Bom  1824, 
died  1887.  A  German  physicist,  discoverer, 
jointly  with  Bunsen,  of  the  method  of 
spectrum  analysis  (1859);  author  of  the 
so  called  Kirchoff's  laws. 

Kirelioir*a  Laws.— Two  important  laws 
given  by  Kirchoff,  viz.:  (1)  In  a  network 
of  conductors  the  sum  of  all  the  currents 
that  flow  towards  a  junction  is  equal  to  the 
sum  of  the  currents  which  flow  away  from 

that  point.  (2)  In  a  complete  electric  cir- 
cuit the  sum  of  the  electromotive  forces  round  the 
circuit  is  equal  to  the  sum  of  the  resistances  of  its 
separate  parte  multiplied  each  by  the  strength  of 
the  current  flowing  through  it. 

Kieh. — A  shop  term  for  the  black  scales  of 
graphite  which  separate  and  float  on  the 
surface  of  a  slowly  cooling  mass  of  molten 
iron.  The  whole  of  the  sewn  is  also  called 
kish. 

Kit. — A  box  containing  implements;  an  out- 
fit of  tools,  accessories  or  personal 
sions  for  any  particular  calling;  such  as  a 
plumber's  kit  of  tools,  or  a  sailor's  kit  of 
clothing; .  small  implements  and  personal 
necessities. 

Kneadin^f  Toole. — ^Tools  for  pressing  into 
shape  hot  gutta  percha  when  coveri'^g  an 
insulated  joint. 
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Knife  Break  Switch* — ^A  switch  consist- 
ing of  a  movable  blade  of  copper  or  brass 
which  makes  electric  contact  between  two 
contact  springs. 

Knife  Jddge  Sfnspeneion. — ^A  suspension 
resting  upon  a  sharp  edge  of  steel  or  agate, 
employed  for  accurate  balancing. 

Knife  Switch. — A  switch  having  a  mov- 
able blade  of  copper  or  brass  which  makes 
a  contact  between  two  parallel  contact 
springs.  Jack-knife  or  knife  blade  switches 
are  made  single,  double  or  triple  pole. 

Knot. — A  nautical  mile,  equal  to  6080.44 
feet,  or  1.15  statute  miles. 

Knot  Pound* — ^A  conductivity  standard, 
applied  to  the  copper  of  submarine  cables. 

Knurled. — 1.  Having  knurls;  that  is,  full 
of  or  covered  with  knots  and  protu- 
berances. 

2.  Milled;  having  the  edges  cut  into  a 
succession  of  ridges  to  afford  grip  for  the 
fingers;  as,  the  head  of  a  vBcrew  or  the 
edge  of  a  coin. 

Kohlrauach*  Friedrich  Wilhelm 

Georff«*-^Bom  .  1840.  A  German  physi- 
cist, distinguished  for  his  researches  in 
various  departments  of  physics,  especially 
in  electrolysis  and  the  absolute  measure 
ment  of  resistance;  author  of  the  law  of 
electrolysis  which  bears  his  name. 

Kohlrauech*a  Law. — ^A  law  applied  to 
the  atoms  in  a  solution  undergoing  dlectrol* 
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ysis,  viz.:  that  the  rate  of  motion  of  each 
atom  for  a  given  liquid  is  independent  of 
the  element  with  which  it  may  have  been  in 
combination. 

• — Abbreviation  for  the  capacity  of  a 
conductor,  K,  multiplied  by  its  ohmic 
resistance  R. 

Kriaik*a  Corea. — Iron  bars  for  ma^petiz- 
ing  cores  so  shaped  that  the  attraction  or 
pull  is  nearly  equal  in  all  positions  of  the 
solenoid. 

KR  Law. — A  law  relating  to  submarine 
cables,  that  the  limiting  speed  of  signaling 
varies  inversely  as  the  product  of  the 
capacity  K  by  the  resistance  R. 

Kniss*  Optical  Scale. — ^A  scale  devised 
for  obtaining  the  dimensions  of  a  flame. 

Kryptol. — ^A  mixture  of  graphite,  carbo- 
rundum, silicate  and  clay  in  granular  form, 
employed  in  electric  furnaces. 

K.  W. — ^Abbreviation  for  kilowatt. 

Kyanise. — ^To  preserve  wood,  such  as  tele- 
graph poles,  from  decav,  by  a  process  of 
impregnation  with  a  solution  of  corrosive 
sublimate,  or  chloride  of  mercury.  The 
proportions  are  one  pound  of  sublimate 

*  to  ten  gallons  of  water  for  maximum 
strength,  or  one  pound  to  fifteen  gallons 
as  a  minimum.  About  twenty-foiur  hours 
per  inch  of  thickness  are  required  for  satu- 
ration. 
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LabU*   G»lTa>iua.tlon. — In 

elcctro-therapeutioB,  the  pro- 
cess of  applying  the  current  to 
any  part  of  the  human  body, 
iu  which  one  electrode  is  fixed  and  the  other 
19  moved  with  a  slipping  motion  over  the 
parte  treated 

Laboratory.— >A  place  where  operationa 
and  experiments  are  perlormed;  a  place 
where  anything  is  prepared  for  use. 

Lag, — The  retardation  of  an  alternating 
current  behind  the  impressed  E.  M.  F. 
which  produces  it. 


Lapging  a  Heter. — Adjusting  s  watt- 
meter so  that  it  shall  r^d  correctly  on 
inductive  and  non-inductive  loads. 

Lag  of  ElectromotlTO  Force.— The  re- 
tardation of  electromotive  force  behind  the 
current. 

Lag  of  HagnetUatioD.— A  retardation 
of  magnetic  elTecta  behind  their  causes,  due 
to  hysteresis  in  the  magnetized  substance. 

Lag    of  Motor   Bmakea.— Shifting  the 

brushes  upon  the  commutator  in  a  direc- 
tion opposite  to  the  rotation  in  order  to 
avoid  sparking. 

Lag  of  RoBoltant  Flax. — In  an  induc- 
tion motor,  the  retardation  of  the  induced 
magnetic  flux  behind  the  impressed  mag- 
netic flux. 

Lalando  Cell. — Better  known  m  the  Edi- 
BOU'Lalande  or  Edison  cell.  The  positive 
plate  consists  of  corapreaaed  oxide  of  copper 
with  its  surface  reduced  to  oxide  of  copper 
for  better  conductivity;  the  negative  plat« 
ia  of  pure  zinc  amalgamat«d:  the  electro- 
lyte is  a  solution  of  caustic  soda.  It  is 
suitable  for  either  open  or  cloaed  circuit 


Lamination  of  Armature  Core. 


Lanbert'a  Diseharge  Key. 

— A  tme  of  double  contact 
key  highly  insulated  for  test- 
ing piupoeea. 


TiaMollar  Distrlbntlon  of  Magnotlam. 

— A  distribution  of  magnetism  such  that 
tbe  substance  in  which  it  exists  can  be 
divided  into  thin  shells  or  layera,  in  which 
the  magnetic  particles  are  so  arranged  that 
one  face  of  each  layer  contains  all  the 
north  poles  and  the  other  face  all  the  south 
poles,  thereby  producing  a  strong  field. 


Lamina.— A  thin  layer  of  metal  or  mineral, 
OH  of  mica,  tinue,  etc.  Laminae  is  the 
plural  of  lamina. 


Lamlnatod  Bmsb. — A  commutator  brush 
composed  of  thin  leaves  or  layers  of  metal, 
usually  copper. 

Laalaatod  Cor*. — An  armature  core  built 
up  of  layers  of  insulated  iron  plates  in  order 
to  prevMit  the  formation  of  Foucaidt 
ouirents  in  tbe  metal. 


Lamlnatod  Sprlnga. — These  are  con- 
structed of  long,  narrow,  flat  platee  of 
spring  steel,  bent  to  a  camber  or  curve, 
fastened  in  the  middle  by  a  buckle,  with 
a  suitable  attachment  to  the  load,  and 
supported  at  the  ends  by  links  or  hangers. 


. — 1.   Building   up  a   mass   of 

metal  ol  flat  thin  plates;   as,  the  cores  of 
electrical  transformers. 

2.  In  geology,  the  natural  arrangement 
of  rooks  so  that  they  spht  into  thin  sheete. 

Tiam  I  nation   of  Armature  Core. — The 

building  up  of  a  dynamo  or  motor  armature 
with  a  number  of  thin  fUsea  cut  or  stamped 
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out  to  the  required  shape  and  bolted 
together,  for  the  purpose  of  reducing  the 
tendency  to  eddy  currents. 

Tiamfnation  of  Condnetor* — The  forma- 
tion of  a  stranded  conductor  by  laying  up 
parallel  wires  in  the  place  of  a  sofid  core. 
thereby  reducing  the  tendency  to  eddy  ana 
skin  currents. 

Lam|^  Adapter. — A  contrivance  to  adapt 
an  incandescent  lamp  to  any  bracket  or 
chandelier;  or  to  adapt  lamp  bases  to 
sockets  of  different  make. 

Lamp  Amranciator* — In  telephone  switch- 
boards, miniature  incandescent  lamps  em- 
ployed instead  of  mechanical  drops  for 
attracting  the  attention  of  the  operator. 
They  are  usually  one-third  candle  power 
lamps  mounted  in  opaque  tubes  with  small 
opalescent  glass  jewels. 

Lamp  Base* — ^The  brass  base  which  is  ce- 
mented by  plaster  to  the  bulb  of  an  incan- 
descent lamp,  and  which  contains  the 
contacts  for  bringing  the  filament  into 
connection  with  the  electric  circuit. 

Lamp  Braeket. — A  bracket  designed  to 
support  an  electric  lamp. 

Lamp  Bulb. — ^The  glass  vacuum  chamber 
containing  the  filament  of  an  incandescent 
lamp;  the  lamp  chamber. 

Lamp  Cap. — A  term  sometimes  applied  to 
the  oase  of  an  incandescent  lamp. 

Lamp  Chamber. — A  term  sometimes  ap- 
plied to  the  glass  bulb  of  an  incandescent 
lamp. 

Lamp  Clreuit. — ^The  circuit  supplying  the 
current  to  a  system  of  electric  lamps.  Cir- 
cuits may  be  divided  into  two  kinds,  vis.: 
series  circuits,  and  parallel  or  shunt  cir- 
cuits.   In  the   series  circuit,  the  wires, 

lamps,  etc.,  are  arranged  end  to  end.  The 
current  pasMS  in  sueceasion  throup^h  each  of  the 
Umpe  or  other  appUanora  oomposinc  the  eireuit. 
In  the  parallel  or  shunt  circuit,  two  main  wirve 
or  leads  are  connected  to  the  points  of  higher  and 
lower  potential,  and  the  lamps,  wires,  etc.,  are 
connected  across  the  two  mains,  or  arranged  side 
by  side.  The  current  divides  itself  amongst  these 
branches  in  inveree  proportion  to  their  nsistanoe. 
If  the  resistances  of  aU  the  branches  are  equal, 
the  total  resistance  of  the  circuit  will  be  equal  to 
the  resistance  of  one  branch  divided  by  the  num- 
ber  of  branches.  The  total  resistance  of  the 
werim  circuit  is  equal  to  the  sum  of  the  resistances 
of  each  of  its  separate  parts. 


Lamp  Clamp. — A  clutch  designed  to  grip 
the  carbon  holder  of  an  arc  lamp. 


— ip  Contacta. — Metallic  parts  placed  in 
the  oase  of  an  incandescent  lamp,  by  which 
the  filament  is  brought  into  connection 
with  the  circuit. 

Lamp  Cord. — The  flexible  cord  composed 
of  two  insulated  conductors,  used  in  con- 
nection with  pendant  incandescent  lamps. 

Lamp  Cat  Out. — 1.  An  automatic  device 
for  cutting  an  arc  lamp  out  of  a  circuit  when 
its  carbons  become  consumed. 

2.  An  automatic  cut  out,  used  with 
series  connected  incandescent  lamps,  which 
acts  promptly  when  a  circuit  through  a 
lamp  IS  broken,  and  short  circuits  it. 

Laatp  Dimmer. — A  resistance  box  or  reac- 
tive coil  connected  in  series  with  the  lamp 
circuit  of  a  theater  or  public  hall,  for 
reducing  the  light  of  the  lamps  when 
desired.  Resistance  boxes  may  be  used 
with  either  direct  or  alternating  currents. 
Reactive  coils  can  be  used  with  alternating 
currents  only. 

Lamp  EAoieney. — ^The  efficiency  of  an 
electric  lamp  refers  to  the  power  consumed 
per  candle  power.  In  other  words,  the 
efficiency  of  a  lamp  is  stated  in  terms  of  the 
mean  spherical  candle  power  per  watt  at 
the  lamp  terminals. 

Lamp*  Eleetrio. — A  lamp  which  depends 
for  its  source  of  light  upon  the  effects  of  an 
electric  current.  Electric  lamps  may  be 
grouped  into  three  classes:  (a)  incandes- 
cent umps  in  which  the  source  of  light  is  the 
incandescence  of  a  refractory  substance 
upon  the  passage  of  a  current:  (b)  arc  lamps  m 
which  a  luminous  arc  is  maintained  by  an  electiic 
current  between  suitable  electrodes;  and  (c)  vajwr 
lamps  in  which  the  vapor  in  an  exhausted  glass 
tube  becomes  an  incandescent  stream  ot  high  con- 
ductivity. 


Feet. — In  a  system  of  electric  light- 
ing7  a  sum  obtained  by  multiplying  the 
number  of  lamps  by  the  distance  to  each 
lamp  in  feet. 

Lamp  Filament. — ^The  conducting  thread 
which  becomes  incandescent  upon  the 
passage  of  an  electric  current  employed  as 
the  source  of  light  in  an  incandescent  lamp. 
A  great  many  materials  have  been  em- 
ployed for  this  purpose.  Early  experiments 
began  with  carbonised  bamboo  fiber,  carbonized 
paper  and  silk  or  cotton  thread  Cellulose 
unads  prepared  by  the  •quirUno  process  and 
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cubonised  zjxdJUuihed  have  for  many  veara  been 
the  prevailing  filament,  but  rare  metals  such  as 
tun^ten,  ana  tantalum  show  higher  decrees  of 
efficiency. 


.  Fr Jbme* — ^The  structural  frame  which 
supports  the  essential  parts  of  an  arc  lamp. 


ep. — A  board  provided  with 
the  parts  required  for  the  suspension  of  an; 
arc  lamp;  a  hanger  hoard.  ^ 

Lamp  Hour* — ^A  unit  of  electric  light  ser- 
vice, equal  to  the  currents  required  for  one 
lamp  during  one  hour. 


Lamp  Indicator. — 1.  A  device  in  a  cen- 
tral station  by  which  the  condition  of  the 
electric  current  in  the  mains  may  be 
observed. 

2.  A  miniature  incandescent  lamp  used 
in  a  telephone  switchboard  as  a  signal  to 
the  operator  that  a  subscriber  is  calling. 

3.  A  pilot  lamp. 

Lamp  Panel. — A  group  or  ''  bank  "  of  in- 
candescent lamps  mounted  upon  a  single 
base  and  serving  as  a  voltage  mdicator^  or 
to  show  the  occurrence  of  faults  in  the  Ime. 

Lamp  Pendant* — ^The  lamp  cord  used  in 
connection  with  a  pendant  incandescent 
lamp. 

Lamp  Pillar. — A  pillar  upon  which  electric 
lamps  are  supported. 

Lamp  Protector. — A  wire  guard  or  other 
device  for  protecting  an  electric  lamp. 

Lamp  Receptacle. — A  term  sometimes 
applied  to  a  lamp  socket. 


Rod. — ^The  metallic  rod  by  which 
the  positive  carbon  of  the  usual  type  of  an 
arc  lamp  is  supported. 

Lamp  Signal  Switchboard. — A  tele- 
phone switchboard  employing  miniature 
mcandescent  lamps  as  annunciators,  in- 
stead of  mechanical  drops. 

Lamp  Socket. — ^The  socket  provided  with 
contacts,  into  which  the  base  of  an  incan- 
descent lamp  is  designed  to  fit;  the  lamp 
receptacle. 

Lamp  Socket  Rheostat. — A  resistance 

E laced  within  the  socket  of  an  incandescent 
imp,  by  which  the  intensity  of  the  li^t 
can  be  varied.  ' 


Lamp  Socket  Switch. — A  key  or  switch 
in  an  incandescent  lamp  socket  by  which 
the  lamp  may  be  lightea  or  extinguished 

Lamp  Switches. — Switches  in  a  lamp  cir- 
cuit for  controlling  one  or  more  groups  of 
.  lamps. . 

>■ .    .' 

Lamp  Testa. — ^M.  Andr6  Lamaude,  as  the 
result  of  a  series  of  tests,  estimates  that  the 
life  of  an  incandescent  lamp  increases  much 
more  rapidly  than  its  efficiency  decreases, 

;  also  that  lamps  run  so  as  to  absorb: 

2.5  watts  per  candle,  last  for  150  hours 

3.0      *•        **        **  "      **  350      *' 

3.5       "        *•        "  •'      "  700      '* 

4.0      *\       *'    .    "  "      "  1000      •* 

Very  different  ficttiM  are  given  by  Siemens  and 

*  Halske  of  Berlin,,. whose  experiments  tend  to  show 
tile  following  to'  be  the  duration  of  16  candle 
power  lamps:    - 

1.5  watts  per  candle,  last  for      45  hours 
•     2.0      ••        "         "  "      **      200 

2  6       •'        "         V  "      "      450 

3.0       •*        "         "  "      "    1000 

3.6  •*        ••         "  "      "    1000 

■  .< '  After  a  lampi.tias  burned  500  or  600  hours  it  is 
more  economical  to  replace  it  with  a  new  one  iJf 
the  price  of  current  is  that  usually  charged  by 
central  stations  A  lamp  will  c^ive  only  60  to  70 
.  per  cent  of  its  rated  power  dunng  the  later  half 
of  its  life. 

Libnd  Line.— ^  I,  A  telegraph  line  for  over- 

*  land  service. " 

2.  The  portion   of  a   submarine  cable 
system  extending  upon  land. 


«« 

•4 


Lamp. — An  incandescent  lamp 
having  a  lantern  chamber  and  guard  out- 
side of  the  bulb. 


i  ^  ..■ 


LantliaiMim. — A  rare  metal  belonging  to 
the  same  group  as  alimiinum. 

Lanyard. — A  piece  of  cord  or  line  for  seiz- 
ing or  fastening  anything. 

Lap  J^lint.— 1.  A  joint  for  wires  in  which 
the  two  ends  are  laid  side  by  side,  bound 
together  and  soldered.  The  Britannia 
joilitis  a  type  of  lap  joint. 

2.  Inbeltmg,  a  jomt  made  by  overlapping 
the  ends  and  securing  them  together. 

Lap  of  the  Slide  Valve. — 1.  In  a  steam 
engine,  the  lap  of  the  slide  valve  on  the 

.  steam  side  is  the  distance  the  outer  or 
steam  edge  of  the  valve  extends  beyond,  or 
laps  over  the  outer  or  steam  edge  of  the 
port   when   the   valve   is   in   its   central 

position.      It  is  given  for  the  purpose  of  causinc 
the   engine  to  work  expansively*   by  cuttin|[  off 
I    the  admission  of  steam  before  the  end  of  the 
stroke,  and  is  called  ovUide  lap. 
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2.  Abo  the  lap  whioh  oontrok  the  exhaust 
and  oauMS  the  fMange  to  the  oondenser  to  be  • 
eloaed  before  the  end  of  the  stroke  r  the  piston  is 
then  said  to  be  evahioned  by  the  elastioily  of  the 
confined  vapor  upon  whioh  it  desoends.  This  is 
oaUed  innde  lap,  and  is  the  distance  the  inner  or 
exhaust  edte  of  the  valve  extends  beyond  or 
laps  over  the  exhaust  edce  of  the  port  when  the 
vuve  is  in  its  central  position.  Sometimes  the 
inidde  lap  is  made  sero  or  even  negative. 

Lap  Windins. — A  method  of  winding  ar- 
matures of  alternating  current  dynamos, 
in  which  the  wires  lap  backwards  towards 
the  point  at  which  the  winding  began; 
loop  winding. 

Lari^  Calorie* — The  great  calorie.  A 
heat  unit  equal  to  the  amount  of  heat 
required  to  raise  the  temperature  of  one 
kilogram  of  water  one  degree  Centigrade. 
It  is  1,000  times  as  great  as  the  calorie. 

Lasher. — A  piece  of  rope  for  binding  or 
TWftlrifig  one  thing  fast  to  another. 

Latent. — ^Hidden;  not  apparent,  yet  exist- 
•  ing  concealed. 


Latent  Heat  of  Steam. — ^Insensible  heat; 
in  heating  water  a  certain  proportion  of 
the  heat  which  has  been  absorbed,  is  not 
shown  by  the  thermometer  or  bv  touch. 
There  are  two  sorts  or  conditions  of  heat  in 
the  process  of  steam  production  operating 
upon  water:  (1)  sensible  heat;  (2)  latent  or  in- 
sensible heat;  hence  the  constituent,  or  total  heat 
of  steam  consists  of  its  latent  heat  in  addition 
to  its  sensible  heat.  In  generating  water  into 
steam  there  is  absorbed  about  five  and  one  half 
times  as  much  beat  as  is  required  under  atmos- 
pheric pressure,  to  raise  ihe  ten&perature  of  the 
water  from  freeting  point,  32**  Fah.,  to  boiling 
point,  212**  Fah.,  an  amount  of  heat  which  if 
the  water  were  a  fixed  solid  would,  it  is  said, 
render  it  red  ^  by  davHght.  Tested  by  a 
thermometer  the  steam  wiU  «iow  onKr  212^.  but 
by  experiment  966.7  heat  units  have  Seen  added, 
which  is  stored  up  in  some  unaccountable  way 
and  is  called  the  latent  heat  of  steam. 

In  some  steam  tables,  such  as  Buers,  tiie 
latent  heat  of  steun  is  divided  into  two  elements, 
as  follows:  (1)  The  heat  required  to  evaporate  the 
water  at  the  temperature  ot  the  steam,  called  inr 
temal  latent  heat;  (2)  the  external  work  done  by 
the  steam  in  makmg  room  for  itself  sgainst  the 
pressure  of  the  atmosphere  (or  surrounding  steam 
if  enclosed  in  a  boiler),  called  the  UUerU  heat  of 
volume. 

Lateral. — 1.  Proceeding  from  or  attached 
to  the  side;  as,  lateral  force. 

2.  In  a  system  of  conduits,  a  branch 
conduit  to  provide  for  the  connection  of 
service  wires:  an  offset. 

Lateral  Bracket. — ^A  type  of  high  insula- 
tion bracket  designed  to  oe  attached  to  the 
comer  of  a  building  for  the  support  of  an 
overhead  wire. 


Lateral  DieeharM. — ^An  impulsive  dis- 
charge, as  from  a  Leyden  jar,  taking  place 
throu^  an  altwnative  path  which  offers 
less  resistance  than  the  direct  path. 

Lateral  Indnetion. — ^The  induction  which 
accompanies  a  lateral  discharge  taking 
place  between  circuits  in  close  proximity 
to  each  other. 

Lateral  Mas^netie  Leakage* — ^Leakage 
of  magnetism  from  ooints  upon  the  surface 
of  a  magnet  other  tnan  its  poles. 

Lateral  Motion. — ^That  in  a  sidewise 
direction;  a  swaying  movement. 

Lateral  Strain. — In  mechanics,  a  strain 
which  bears  against  the  sides  of  a  structure^ 
being  essentially  a  transverse  strain. 

Latitude. — 1.  The  width  or  breadth  of 
anything;  sidewise  extent. 

2.  Extent  within  limits;   scope  or  com- 
prehensiveness. 

3.  The  angular  distance  of  any  place 
measured  north  or  south  of  the  equator 
along  the  meridian  of  that  place. 

Lattice  Pole. — A  type  of  iron  pole  with 
lattice  work  construction  for  bearing 
special  strain  in  canying  overhead  wires  or 
cables. 

Lattice  Work. — ^The  lattice  work  con- 
struction sometimes  employed  for  line 
wire  poles  designed  to  bear  special  strain  in 
carrjnng  overhead  wires  or  conductors. 

Launch,  Electric. — ^An  open  boat  pro- 
pelled by  an  electric  motor  operated  by  a 
storage  battery  placed  under  the  floor  or 
seats. 

Lava. — A  name  often  Riven  to  a  form 
of  talc,  sometimes  used  as  an  insulating 
material  in  spark  plugs  for  gasoline  en- 
gines. 

Law. — In  physics,  a  certain  and  fixed  rule 
of  cause,  being,  action,  or  change,  in 
physical  phenomena. 

Law  of  Boyle. — A  law  of  the  compressi- 
bility of  gases  annoimced  by  Boyle  in  1662. 
and  later  by  Mariotte.  It  ma^  be  stated 
thus:  The  volume  of  a  gas  is  inversely 
proportional  to  the  pressure  to  which  it  is 
subjected  at  a  constant  temperature. 
Usually  known  as  Boyle'e  law,  and  some- 
times as  Mariotte'e  law. 


Law  of  Charles, 


240 


Laws  of  Thermodynamics. 


ri=i 


') 


Law  of  Charlea. — The  volume  of  a  perfect 
gas  at  a  constant  pressure  is  proportional  to 
its  absolute  temperature,  Expressed  as  a 
formula: 

®  V     491.2 

in  which,  v^  =  the  volume  of  a  gas  at  32^ 
F.,  and  Vi  the  volume  at  any  other  tem- 
perature ti. 

Lair  of  Coulomb. — ^The  same  as  the  law 
of  inverse  squares. 

Law  of  lUumination. — ^The  intensity  of 
light  at  any  point  of  an  illuminated  surface 
varies  inversely  as  the  square  of  the 
distance  from  that  point  to  the  source  of 
Ught. 

Law  of  Inverse  Squares. — ^The  force  ex- 
erted betweon  two  magnetic  poles  is 
proportional  to  the  product  of  their 
strengths,  and  inversely  proportional  to 
the  square  of  the  distance  between  them. 
Also  Imown  as  Coulomb's  law. 

Law  of  Joule. — A  law  relating  to  the 
heat  developed  by  an  electric  current 
discovered  by  Joule,  viz.:  the  number  of 
units  of  heat  developed  in  a  conductor  is 
proportional  (a)  to  its  resistance;  (b)  to 
the  square  of  the  strength  of  the  current; 
and  (c)  to  the  time  that  the  ctirrent 
continues  to  flow.  Usually  called  Joule's 
law. 

Law  of  Lens. — In  electromagnetic  induc- 
tion, the  direction  of  the  induced  current 
is  such  as  to  oppose  the  motion  producing 
it;   Lem*s  law. 


Law  of  Ohm. — A  law  of 

of  current,  electromotive 
ance  determined  by  Ohm. 
that  the  current  varies 
electromotive  force,  and 
resistance  of  the  circuit, 
as  Ohm's  law. 


the  inter-relation 
force  and  resist- 

,    This  law  states 

directlv  as  the 

inversely  as  the 

Usually  known 


Law  of  Refleetion.~^The  angle  of  inci- 
dence and  the  angle  of  reflection  are  in  the 
same  plane  and  are  equal. 

Law  of  Volta. — A  law  of  the  difference  of 
potential  between  the  metals  in  a  contact 
series.  It  may  be  stated  as  follows:  the 
difference  of  potential  between  any  two 
metals  is  equal  to  the  sum  of  the  differences 
of  potentials  between  the  intervening 
metals  in  the  contact  series.  Usually 
called  VoUa's  law. 


Laws  of  Eleetrieal  Resistance. — ^Re- 
sistances in  a  circuit  may  be  of  two  kinds 
— -first,  the  resistances  of  the  conductors 
tfaiemselves;  second,  the  resistance  due  to 
imperfect  contact  at  points.  The  latter 
kind  of  resistance  is  anected  by  pressure, 
for  when  the  surfaces  of  two  oonductora  are 
brought  into  more  intimate  oontact  with  one 
another,  the  current  oaases  more  freely  from  one 
conductor  to  the  other.  The  following  are  the 
laws  of  the  resistance  of  conductors: 

1.  The  resistance  of  a  conducting  wire  is  pro- 
portional to  its  length.  If  the  resistance  of  a  mile 
of  telegraph  wire  be  13  ohms,  that  of  fifty  miles 
will  be  50  X  13  =  050  ohms. 

2.  The  resistance  of  a  conducting  wire  is  in- 
versely proportional  to  the  area  of  its  cross  sec- 
tion, and  therefore  in  the  usual  round  wires  is 
inverMJy  proportional  to  ^e  square  of  its  diam- 
eter. Ordizutry  telegraph  wire  is  about  ith  of  an 
inch  thick;  a  wire  twice  as  thick  would  conduct 
four  times  as  well,  having  four  times  the  area  of 
cross  section;  hence  an  equal  length  of  it  would 
have  only  ith  the  resistance. 

3.  The  resistance  of  a  conducting  wire  of  given 
length  and  thickness  depends  upon  the  material 
of  which  it  is  made;  that  is  to  sayi  upon  the 
specific  resistance  of  the  materiaL 

Laws  of  Electrolysis. — ^The  number  of 
ions  liberated  in  electrolysis  at  either  pole  is 
proportional,  1st,  to  the  amount  of  elec- 
tricity passing  through  the  circuit,  and 
2d,  to  the  electrochemical  equivalent  of  the 
ion,  that  is,  its  atomic  mass  divided  by  its 
valency  in  the  compound  electrolyzed. 
Also  Imown  as  Faraday's  laws. 

Laws  of  Electromanetic  System. — 

1.  When  a  magnet  is  placed  near  an  electric 

circuit,  every  portion  of  the  circuit  is  acted 

upon  by  a  force  urging  it  in  such  a  direction 

as  to  make  it  enclose  within  its  embrace  the 

greatest  possible  number  of  lines  of  force, 

(Maxwell  s  rule.) 

2.  Every  eleetromaonetie  tyMem  tends  to  change 

the  configuration  of  its  parte  so  cm  to  make  the  fivx 

of  magnetic  Hnee  throygh   the   exciting  circuU   a 

maximtun. 

Laws  of  Faraday. — The  laws  of  electrol- 
ysis, so  named  from  Michael  Faraday  who 
discovered  them. 

Laws  of  Heat. — Heat  is  transmitted  in 
three  ways:  (a)  by  conduction,  as  when 
the  end  of  a  luiort  rod  of  iron  is  placed  in 
a  fire,  and  the  opposite  end  becomes  warm, 
this  is  conducted  heat;  (b)  by  convection, 
such  as  the  warming  of  a  mass  of  water  in  a 
boiler;  and  (c)  by  radiation,  as  that  di£Fused 
from  a  piece  of  not  metal  or  an  open  fire. 
Radiant  heat  is  transmitted,  like  sound  or  light, 
in  straight  lines  in  every  direction,  and  its  inten- 
sity diminishes  invenely  as  the  square  of  the 
distance  from  its  center  of  radiation. 

Laws  of  Thermodynamics. — ^The  theoi^ 
of  heat  considered  as  a  form  of  energy,  is 


Lay. 


241 


Leading  Current, 


useful  in  advanced  studies  of  the  theory  of 
steam,  gas,  air  engines,  etc.  The  first  two 
laws  of  thermodynamics  are  as  follows: 

1.  Mechanical  enerffy  and  heat  are  mutuaOu  con* 
vertible  in  the  ratio  of  abotU  778  foot  pounda  for  the 
British  thermal  unit.  (Joule:  originally  772  foot 
pounds.) 

2.  A  edf-acting  machine^  unaided  by  any  exter- 
nal agency  f  cannot  convert  heat  from  one  body  to  an-* 
other  £U  a  higher  temperature.     (Clauaius.) 

Lay. — ^To  place  in  order;  to  arrange  with 
regularity;  to  dispose  in  ranks  and  tiers; 
as,  to  lay  bricks  or  stones  in  a  wall. 

Layer. — 1.  That  which  is  laid;  a  stratum; 
a  body  spread  over  another;  as,  a  layer 
of  clav  or  of  sand;  a  course;  as,  of  bricks 
and  the  hke. 

2.  In  electroplating,  a  metallic  deposit 
laid  over  another  metalhc  surface. 

Laying  Out. — 1.  The  method  or  process  of 
arranging  a  scheme  of  work  so  that  the 
processes  shall  follow  one  another  in  due 
order. 

2.  The  act  of  scheming  the  arrangement 
for  a  plant  installation  so  that  the  desired 
end  may  be  best  attained. 

Laying  Up  Cables. — The  process  of 
making  up  cables  by  stranding  together 
separate  wires  or  conductors. 

Lay  of  Wirea. — ^The  manner  in  which 
wires  are  caused  to  make  a  complete  twist 
about  a  central  core  or  axis. 

Layoat. — ^The  general  arrangement  of  any- 
thing, as  a  works  or  plant;  the  method  of 
carrying  on  operations;  the  scheme  or 
system  plannea  for  effecting  any  desired 
result. 

Lead — 1.  An  insulated  conducting  wire 
which  leads  from  an  electric  soimse  to  any 
main,  feeder,  station,  instrument,  circuit, 
etc.;  in  general,  one  of  the  conductors  in  a 
system  of  electric  distribution. 

2.  In  a  steam  engine,  the  amount  of  pre- 
admission given  by  the  slide  valve  at  the  instant 
the  piston  is  reiuiy  to  commence  its  impulse 
stroke.  The  amount  varies  and  depends  upon 
the  type  of  engine  and  the  angular  advance  of 
the  eccentric. 

Lead. — A  lustrous,  blue  gray  metal,  soft 
enough  to  be  cut  with  a  knife  or  to  leave  a 
mark  on  a  piece  of  paper:  it  is  malleable 
and  ductile,  but  is  not  a  good  conductor  of 
heat  and  electricity  as  compared  with 
other  metals,  Its  specific  gravity  is  11.2,  a 
cubic  foot  weighing  698  lbs.;  its  tenacity  is 
about  2,600  lbs.  per  square  inch  as  wire. 


Lead  Accmiiiilator. — A  storage  cell  con- 
sisting of  lead  plates  immers^  in  dilute 
sulphuric  acid. 

Lead  and  JjWLg. — ^In  the  case  of  alternating 
currents,  the  amperes  and  volts  do  not 
always  keep  step  with  each  other.  If  there 
be  inductance  m  the  circuit,  the  currents 
will  lag  in  phase;  if  there  be  capacity,  they 
will  lead.    Inductance  also  has  the  effect  of 

choking  down  the  current;  that  is,  while  the 
intensity  of  the  current  ia  on  the  increase,  the 
reactive  effect  of  inductance  tends  to  prevent  its 

II  an  alternating  current  of  C  virtual  amperes 
flows  with  a  frequency  of  n  cycles  per  second 
through  a  circuit  of  mductance  L,  the  reactive 
electromotive  force  is: 

27tn  LC  virtual  volts. 

Lead  Batli. — The  solution  employed  in 
lead  plating.  Two  principal  solutions  are 
recommended,  viz.:  (a)  Dissolve  by 
boiling  1.75  oz.  caustic  potash  and  0.17 
oz.  pulverized  litharge  in  1  qt.  of  water; 
(b)  acetate  of  lead  0.17  oz.,  acetic  acid 
0.17  07.,  and  1  qt.  water. 

Lead  Bumin|f. — A  method  of  joining  two 
plates  or  stnps  of  lead  by  fusing  them 
together  at  their  line  of  junction  by  ^e 
heat  of  a  hydrogen  flame,  a  process  by 
which  the  lugs  or  terminals  of  the  separate 
cells  in  a  storage  battery  are  connected. 

Lead  Covered  Cable. — An  underground 
cable  protected  b^  a  covering  of  lead 
outside  the  insulation. 

Lead  Covered  Conductor. — A  con- 
ductor protected  by  a  sheathing  of  lead 
over  the  insulation. 

Leaded  Cable. — A  lead  covered  cable. 

Lead  Hammer. — A  hammer  with  a  head 
of  cast  lead  used  for  striking  polished 
work.  In  engineering  work,  it  is  cus- 
tomary to  employ  hammers  of  copper, 
white  metal  or  babbitt  and  lead,  tnus 
affording  various  degrees  of  hardness, 
according  to  the  strength  of  the  blow 
required  to  be  struck. 

Leadlliip  Block. — A  block  for  guiding  a 
rope,  as  a  purchase,  or  for  hauling  an  end 
out  of  a  direct  line. 

Leading  Current. — An  alternating  cur- 
rent having  a  lead  in  phase  in  advance  of 
the  electromotive  force  impressed  upon  the 
circuit. 
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Leadini^  E«  M«  F. — In  an  alternating  cur- 
rent circuit,  if  the  electric  motive  force 
reaches  its  maximiun  value  a  fraction  of  a 
period  before  the  current,  it  is  said  to  lead 
the  current  by  an  amount  measured  by  the 
equivalent  angle. 

Leadinff  Horns, — ^The  projecting  edges  of 
the  pole  pieces  of  a  dynamo  which  ^ctend 
in  the  direction  corresponding  to  the 
rotation  of  the  armature;  the  poles  away 
from  which  the  armature  turns. 

Leading  In  InsoUbtor* — ^An  insulator 
for  supporting  the  leadinc  in  wires  from 
an  overhead  circuit  into  a  building. 

Leadinff  In  Tube* — ^An  insulating  tube 
for  the  protection  of  leading  in  wires  as 
they  are  admitted  to  a  building. 

Leading  In  Wires*— 1.  Wires  leading 
from  an  overhead  circuit  into  a  building. 

2.  The  wires  that  make  the  connection 
between  the  filament  of  an  incandescent 
lamp  and  the  electric  circuit. 

Leadin|^  Poles* — ^The  projections  of  the 
pole  pieces  of  a  generator  which  extend  in 
the  direction  of  the  rotation  of  the  arma- 
ture; the  leading  hams. 

Leading  Up  Wires* — ^Wires  b^  means  of 
which  an  overhead  cable  is  raised  to  the 
cable  hangers  for  support. 

Lead  Joints* — In  pipe  fitting,  lead  joints 
are  used  in  pipe  connections.  Sometimes 
a  sheet  of  lead  is  screwed  up  between 
flanges,  but  the  emplovment  of  the  metal 
is  more  common  in  sodket  and  spigot  joints. 
The  lead  is  poured  between  the  socket  and 
spigot  and  nammered  or  stemmed  down; 
tnat  is,  driven  closely  home  with  a  drift  and 
hammer. 

Lead  Monoxide* — Commonly  called  UQi- 
arge.  A  substance  employed  for  the  active 
material  of  storage  battery  plates,  especial- 
ly for  pasting  the  negative  plate  in  the 
Faure  type  of  cell. 

Lead  of  Brashes  of  Djmaaio* — In  order 

to  prevent  sparking  at  the  commutator, 

a  position  of  the  brushes  upon  its  surface 

a  little  in  advance  of  the  diameter  between 

the  poles;  being  a  positive  lead. 

The  neoeositY  '^'  ^®  1^^  ariseB  from  the 
counter  magnetinn  or  the  magnetio  leactioii  of 
the  armature.  In  macnetiam  the  tandenqr  of 
hard  iron,  or  steel  especially,  ie  the  cause  of  tl^e 
"  lag  "  or  magnetic  retardation.     It  is  to   ac- 


commodate this  variation  Uiat  brush  holdera  are 
provided  with  devices  for  moving  them  backward 
and  forward. 

Lead  of  Brushes  of  Motor* — ^In  order  to 
:  prevent  sparking,  a  position  of  the  brushes 

upon  a  motor  commutator  a  little  back  of 
•  the  diameter  between  the  poles;  being  a 

negative  lead. 

Lead  of  Cnrrent* — ^When  the  capacity  of 
an  A.  C.  circuit  is  more  effective  than  the 
induction  the  current  leads  the  pressure. 

Lead   of  Ig^tion   or   Spark* — ^In  an 

internal  combustion  engine,  ignition  which 
takes  place  before  the  piston  has  finished 
its  compression  stroke.  When  the  mix- 
ture is  fired  after  the  piston  has  started 
on  its  downward  stroke  it  is  said  to  have 
a  negative  lead.  The  word  ''advance"  is 
usually  used  instead  of  lead. 

Lead  Peroxide* — ^The  lead  compoimd  em- 
ployed to  form  the  positive  plate  of  a 
storage  battery  cell.  It  has  a  reddish 
brown  or  chocolate  appearance  in  the  cell. 

Lead  Plating* — Depositing  a  layer  of  lead 
upon  an  object  by  electroplating,  generally 
as  a  protection  against  the  action  of 
mineral  acids,  as  when  gun  barrels  3  re 
coated  with  lead  peroxide  to  prevent  rust. 

Lead  Seorer  or  Seraper* — A  triangular 
tool  for  scraping  a  lead  covered  conductor, 
or  other  lead  surface,  so  that  the  metal  may 
be  clean  and  bright  preparatory  to  making 
a  joint. 

Lead  Sheathing* — ^A  covering  of  lead  ap- 
plied to  a  cable  m  order  to  protect  it  from 
mjury  when  underground. 

Lead  Sleeve* — ^A  sleeve  of  lead  fitted  over 
a  joint  in  a  lead  covered  conductor* 

Lead  Sponf^* — The  condition  of  the  plates 
of  the  Flant^  type  of  storage  cell  after  the 
"forming"  process  by  which  the  metallic 
\&Bid  of  the  plates  is  made  spongy  or  porous. 
'  In  the  Faure  type,  the  active  material  of 
the  ne^tive  plate  becomes  lead  sponge 
after  being  exposed  to  electrolysis* 

Lead  Snlphate* — ^A  chemical  compound 
which  is  tormed  upon  discharging  a  storage 
battel^  by  an  action  called  smphatation 
in  which  the  lead  oxide,  FbO,  is  changed 
into  lead  sulphate  by  the  siilphuric  acid 
of  the  electrol^.  It  is  a  white  sub- 
stance, possessmg  a  high  resistance,  and 
tends  to  destroy  the  activity  of  the  cell. 
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Lead    Sulphate   of  Copper   Cell. — A 

storage  cell  compoeed  of  electrodes  of  lead 
in  a  solution  of  copper  sulphate. 

Lead  Sulphate  of  Zine  Cell. — ^A  stOTage 
_  oeU  composed  of  electrodes  of  lead  in  a 
solution  of  zinc  sulphate. 

Lead  Tiii  Alloy. — ^A  combination  of  lead 
and  tin,  making  an  alloy  which  will  mjslt  at 
a  low  temperature,  and  hence  is  suitable 
for  safety  fuses.    For  example,  an  aUoy  of 

'.  one  part  tin,  and  one  of  lead,  will  melt  at 
370^  to  466^  F. 

Lead  Tree. — ^A  branching  deposit  of  lead 
'.  crystals  resembling  a  tree,  produced  by  the 
'-electroljrsiB  of  a  lead  salt  in  solution. 

Lead  Voltameter. — ^A  voltameter  having 
electrodes  of  lead  in  a  dilute  solution  of 
sulphuric  acid. 


> 


— 1.   The  escape,  as  of  a  fluid,  by 
leaking. 

2.  Hie  dissipation  of  electricity  through 
faulty  insulations. 

3.  The  defective  point  at  which  leaking 
takes  place. 

Leakage. — 1.  The  escape,  as  of  a  fluid,  by 
leaking:  a  leak. 

2.  The  escape  of  electric  current  through 

defects  in  insulation  or  other  causes. 

A  certain  amount  of  magnetic  flux  escapes 

through    the   air  in   operating  dynamos. 

.  It  is  this  leakage  flux  which  affects  watch  springs 

.  in  the  vicinity  of  electric  generators. 

No  matter  how  well  insulated  a  chaned  con- 
ductor may  be.  or  how  dry  the  atmosphere,  the 
conductor  slowly  loses  its  charge,  and  in  a  few 
'  days  the  dissipation  of  the  charge  is  complete. 

The  rate  ox  discharge  depends  upon  the  differ- 
ence of  potential  between  the  charged  conductor 
and  the  surrounding  medium,  hence,  the  discharge 
is  more  rapid  at  the  beginning  than  afterwards. 
If  the  pressure  be  measured  at  equal  intervals,  it 
will  be  found  to  have  diminished  in  a  decreasing 
geometric  series.  For  a  negatively  electrified  con- 
ductor, the  rate  of  dischanEO  is  greater  than  for 
one  positively  electrified. 

Leakage  Conduetance. — ^The  reciprocal 
of  leakage  or  insulation  resistance;  lecueance. 

Leakas®  Condvetor. — ^In  a  telegraph  cir- 
cuit, a  conductor  providing  a  direct  path  to 
earth  for  leakage  currents  in  order  to  pre- 
vent their  interfering  with  neighboring 
lines. 

Leakaire  Drop. — ^The  faU  of  potential  in 
an  electric  circuit  due  to  leakage. 

tieakage»  Eleetrle. — The  dissipation  of 
the  electricity  of  a  charged  body,  or  the 


escape  of  current  from  a  conductor,  due 
to  insufficient  or  faulty  insulation. 

Leakafl^e  Factor* — ^The  ratio  of  the  total 
electromagnetic  flux  entering  the  cores  of 
the  dynamo  field  magnets,  to  the  available 
flux  entering  the  armature. 


_  Flux. — The  electromagnetic  flux 
which  fails  to  enter  the  armature  of  a 
dynamo  to  do  useful  work,  being  dissi- 
pated from  the  field  magnets. 


^  Indicator. — An  instrument  for 
detectmg  leakage  in  an  electric  circuit:  a 
magnetic  explorer. 

Leakage  Interference. — Interf  erenc  e 
arising  between  neighboring  electric  cur- 
rents as  the  result  of  leakage  between  them. 

Leakage»  Ma^^etic. — The  strav  lines  of 
magnetic  force  which  leak  around  a  d3rna- 
mo  armature,  instead  of  passing  through  it. 

Leakage  Method  of  Meaenrinff  Insu- 
lation.— A  method  of  determining  the  de- 
gree of  insulation  bv  measuring  the  leakage 
from  an  insulated  Dody. 

Leaka^  of  Steam. — Except  in  rare  cases, 
the  leakage  of  steam  in  an  engine  cvlinder 
has  so  little  effect  upon  the  lines  of  an  in- 
dicator diagram  that  it  can  scarcely  be 
detected.  For  this  reason  the  true  water 
consumption  of  an  engine  is  best  ascer- 
tained by  a  feed  water  test*.  When  the  expan- 
sion line  of  an  indicator  diagram  departs  much 
from  the  hypobolic  curve,  the  extent  of  the  losses 
due  to  leakiage  and  condensation  is  more  accu- 
rately computed  at  cut  off  than  at  release. 


_     Paths. — ^The  paths  foUowed  by 
the  fl^  of  magnetic  leakage. 

.Leakage*  Photo-electric. — According  to 
Hertz,  a  spark  starts  between  the  balls  of 
a  discharger  more  rapidly  when  illuminated 
hy  light  that  is  rich  in  violet  and  ultra- 
violet rays,  than  when  not  so  illuminated. 
In  ultra-violet  light  freshly  polished  zinc 
in  air  rapidly  discharses  a  negative  charse,  but 
not  a  positive  one.  Ine  effect  appears  to  oe  due 
to  the  small  light  waves  stimulating  chemical  re- 
actions which  do  not  occur  except  by  a  species  o( 
electric  exchange.  Clean  sine  plates  were  posi- 
tively  diarged  by  Hallwachs  by  exposure  to  ultra- 
violet light 

Leakance. — ^The  reciprocal  of  leakage,  oi 
insulation  resistance;  also  called  Uakagi 
resistance, 

Leat. — ^In  hydraulics,  a  channel  for  watei 
dug  on  the  ground  level;  it  differs  from  the 
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launder  in  that  the  latter  is  an  artificial 
conduit  carried  at  a  slight  elevation  above 
the  ground. 

Leather. — ^The  skin  of  an  animal  converted 
into  a  durable  and  non-decaying  substance, 
which  is  soft  and  supple  for  certain  uses, 
firm  and  hard  for  others.  There  are  three 
main  processes:  (1)  Impregnation  of  the 
hide  or  akin  with  tannic  acid  which  com- 
bines with  the  gelatine  to  make  an  insoluble 
substance,  this  being  used  for  sole  leathers  and 
the  like;  (2)  treatment  with  alum  or  other 
mineral  salts;  as,  for  glove  skins;  (3)  treatment 
with  oils  and  fats;  os,  tor  chamois  skins  iahatnov' 
ing).  Heavy  leathers  are  also  tanned  with 
c/uwne,  principally  for  belting. 

Leather  Beltinff* — A  material  widely  used 

for  driving  machinery.     It  is  used  single 

or  double,  sometimes  treble  for  a  main 

drive,  the  thickness  of  each  single  strip 

ranging  from   f^  inch  to   A  inch.     The 

strips  are  spliced,  cemented,  or  sewn  to- 
gether to  make  up  the  necessary  length  and  width, 
and  are  finally  united  at  the  ends  by  lacing, 
cementing  or  riveting.  The  ultimate  stress  of 
leather  belting  is  3000  to  5000  lbs.  per  square 
inch  of  section.  For  a  single  belt  the  usual 
working  k>ad  is  33  lbs.  per  inch  of  width. 

Leathers. — In  hydraulics,  cup  or  hat  leath- 
ers as  used  in  pumps  or  hydraulic  presses. 

Leelanehe  CelL — An  open  circuit  cell  used 
to  a  great  extent  in  telephone  work  and 
with  electric  bells;  it  has  a  negative  elec- 
trode consisting  of  carbon  and  peroxide  of 
manganese,  a  positive  electrode  of  zinc, 
and  an  electrolyte  composed  of  a  solution 
of  sal  ammoniac.  This  cell  polarizes 
quickly,  but  on  open  circuit  it  slowly  re- 
covers its  working  condition. 

In  the  operation  of  the  cell  the  chemical 
reaction  which  takes  place  is  as  follows:  The 
sine  becomes  oxidised  by  the  oxygen  from  the 
manganese  peroxide,  and  is  subsequently  con- 
verts into  side  chloride  by  the  action  of  the  sal 
ammoniac  After  the  battery  has  been  in  con- 
tinuous use  for  some  houra,  the  manganese 
becomes  exhausted  of  oxygen,  and  the  force  of 
the  electrical  current  is  greatly  diminished;  but  if 
the  battery  be  allowed  to  rest  for  a  short  time, 
the  manganese  obtains  a  fresh  supply  of  oxygen 
from  the  atmosphere,  and  is  again  fit  for  use. 
After  about  18  months'  work,  the  glass  cell  will 
probably  require  recharging  with  sal  ammoniac, 
and  the  sine  rod  may  also  need  renewing;  but 
should  the  porous  cell  get  out  of  order,  it  is 
better  to  get  a  new  one  than  to  attempt  to 
rechaige  it. 

Leelanehe*  Oeorgem. — Bom  1839,  died 
1882.  A  French  cnemist,  inventor  of  an 
important  type  of  voltaic  cell  known  as 
the  Leclanche  cell  (1868). 

Leetnre  Galvanometer* — ^A  galvanom- 
eter suitable  for  exhibiting  its  operations 
to  a  lecture  audience. 
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Left  Hand. — A  term  applied  to  many  ob- 
jects as  a  classification  to  denote  their  ar- 
rangement, position  or  motion. 

Left  Handed  Armatnre  Winding^ — 

Windings  applied  to  an  armature  in  a 
direction  opposed  to  the  movement  oi  the 
hands  of  a  clock  as  seen  from  the  face. 

Left  Handed  Djnamo. — ^A  dynamo  ro- 
tating in  a  counter-clockwise  durection  as 
seen  from  the  pulley. 

Left  Handed  Helix. — A  coil  or  solenoid 
wound  in  a  counter-clockwise  direction; 
a  sinusoidal  helix  or  solenoid. 

Left  Handed  Motor. — A  motor  which  ro- 
tates in  a  counter-clockwise  direction  as 
seen  from  the  pulley. 

Left  Handed  Rotation. — Movement  of  a 
rotating  body  in  a  direction  from  right  to 
left,  or  in  the  opposite  direction  of  the 
hands  of  a  clock  as  they  are  seen  to  move 
when  one  reads  the  time;  counter-clockwise 
rotation. 

Left  Handed  Solenoid. — ^A  left  handed 
helix. 

Left  Handed  Spiral. — ^A  left  handed 
helix. 

Left  Handed  Winding. — Winding,  as  of 
armature  coils,  in  a  counter-clockwise 
direction. 

Left  Hand  Engine. — In  steam  engineer- 
ing, an  engine  naving  its  fly  wheel  to  the 
left  when  viewed  from  the  cylinder. 

Left  Hand  Screw. — In  machinery,  a 
screw  which  enters  in  turning  from  right 
to  left;  t.  e.,  counter-'clockwise. 

Left  Hand  Thread. — A  helix,  or  spiral, 
whose  turns,  when  viewed  sidewise,  curve 
from  left  to  right  in  their  course  from  the 
bottom  to  the  top,  necessitating  a  counter 
clockwise  turning  movement  when  en- 
tering a  nut :  both  motions  being  the  reverse 
of  those  with  the  ordinary  throtd. 

Left  Hand  Trolley  Frog^. — A  trolley 
frog  for  guiding  a  trolley  wheel  to  the  wire 
on  the  left  of  the  main  wire. 


_. — 1.  That  which  resembles  a  leg  in  form 
or  use;  especially  any  long  and  slender 
support  on  which  any  object  rests;  as,  a 
leg  of  a  pair  of  compasses. 

2.  In  a  telephone  exchange,  a  branch 
wire   employed    to    bring    an   operator's 
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instrument  into  direct  connection  with  two 
or  more  subscribers. 

Le^al  Ohm. — ^The  value  of  the  ohm  as  de- 
fined by  the  electrical  congress,  held  in 
FEuris  in  1884,  as  the  resistance  of  a  column 
of  pure  mercury,  one  sq.  millimeter  in  sec- 
tion, 106  centimeters  long;,  at  a  tempera- 
ture of  0^  C;  the  international  ohm. 

Legal  Quadrant* — ^The  value  of  the  quad- 
rant as  fixed  by  the  electrical  congress  of 
1884  in  Paris. 

Leg^fl^ed. — Connected  with  a  main  circuit 
by  means  of  a  branch  wire. 

It^gging  Keyboard. — In  a  telephone  ex- 
change, a  keyboard  for  directly  connecting 
an  operator  with  two  or  more  subscribers. 


_  . — A  telegraph  key  provided  with 

a  screw  projecting  from  its  base  by  which 
it  may  be  secured  to  a  table. 


Leg^leee  Key« 

screw  base. 


-A  telegraph  key  without  a 


Le^^  of  Circnit. — 1.   A  branch  or  lateral 

circuit  connected  with  the  main  circuit. 

2.    One  of  the  leads  of  a  metallic  circuit. 

Leg^    of   Eleetromag^et* — One    of    the 

limbs  of  the  iron  core  of  an  electromagnet. 

Lenard  Effect* — The  effect  produced  by 
Lenard  in  passing  cathode  rays  out  into 
the  air  through  an  aluminum  '^ window" 
in  a  Crookes  tube. 

Lenardy    Phllipp    Edvard    Anton. — 

Bom  1862.  A  German  physicist,  distin- 
guished for  his  experiments  with  cathode 
rays. 


• — ^The  cathode  Thys  caused 
by  Lenard  to  pass  through  an  aluminum 
window  in  a  Crookes  tube. 

Lenard  Tnbe. — A  variety  of  Crookes  tube 
having  a  piece  of  aluminum  sealed  into  the 
glass  at  the  end  opposite  the  cathode, 
thereby  forming  a  "window"  throu^ 
which  Lenard  rays  can  pass. 

Itmtkgih  of  Spark.— The  width  of  the 
spark  gap  or  the  sparking  distance  be- 
tween the  terminals  of  an  induction  or 
spark  coil,  being  the  distance  through  air 
tnat  the  disruptive  discharge  can  take 
place,  varying  as  the  difference  of  potential 
and  the  pressure  of  the  air. 

The  lenkth  of  spark  increases  with  the  electric 
pvBMure.    It  diminishes  with  an  increase  of  air 


pressure,  henoe,  the  high  voltaco  xequlred  for 
iniition  of  internal  combustion  engines  (10,000  to 
30,000  volts)  due  to  the  compression  of  the  fuel 
mixture.  Tne  length  of  spark  varies  for  different 
gases,  for  instance,  it  is  nearly  twice  as  long  in 
hydrogen  as  in  air  at  the  same  density.  The 
voltage  required  to  produce  a  given  length  of 
spark  depends  on  the  shape  of  the  electrodes  and 
not  on  the  kind  of  metal  used.  Pointed  elec- 
trodes produce  the  longest  spack  with  a  given 
voltage. 

Faraday,  using  two  spheres  of  different  sixes  as 
electrodes,  found  the  spark  length  greater  when 
the  smaller  sphere  was  positive  than  when  it 
was  negative. 

A  perfect  vacuum  is  a  perfect  insulator;  no 
spark  will  cross  it. 

Lens. — ^A  portion  of  a  transparent  medium, 
usually  glass,  having  one  or  more  curved 
faces  for  the  purpose  of  causing  rays  of 
light  to  converge  or  diverge  in  passing 
through  it. 

Lens  Lamp. — An  incandescent  lamp  having 
a  lens  sealed  into  one  side  of  its  oulb  for 
focusing  the  light. 

Lens  Mirror  Projeetor. — ^A  device  for 
projecting  light  by  the  joint  action  of  a  lens 
and  a  mirror. 

Leni's  Law. — ^The  law,  first  stated  by 
Lenz,  a  German  physicist,  that,  in  electro- 
magnetic induction,  the  direction  of  the 
induced  current  is  such  as  to  oppose  the 
motion  producing  it. 

Lesser  Calorie. — ^The  calorie,  as  distin- 
guished from  the  greater  calorie. 

Let  In. — A  shop  term^  which  signifies  the 
sinking  in  of  one  portion  of  wood  or  metal 
into  another.  Tnus,  rapping  plates  are 
let  in  to  patterns,  brass  rings  are  let  in  to 
sluice  cocks,  faces,  etc. 

Letter  Box*  Electric. — An  electric  device 
attached  to  a  letter  box  to  indicate  that 
a  letter  has  been  deposited  in  it. 

Letter  Printings  Instmment. — ^The  in* 
strument  used  in  printing  telegraphy. 

Level. — 1.  Lying  in  a  horizontal  line  or 
plane. 

2.  The  average  elevation  of  a  certain 
place,  as  sea  lei)el. 

3.  The  altitude  or  elevation  of  a  definite 
spot,  as  compared  with  some  standard  or 
datum  liney  generally  the  mean  level  of  the 
sea. 

4.  An  open  channel  along  which  water  flows. 

5.  A  horisontal  excavation  in  a  mine  or  along 
the  oouise  of  a  vein  of  ore. 

6.  A  surveying  instrument  for  determining 
the  relative  heights  of  two  points.  It  has  a 
telescope  capable  of  accurate  horisontal  adjust- 
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mentSf  and  mounted  upon  a  tripod  stand.  The 
level  18  uiBed  in  conjunction  with  a  graduated 
etafft  which  is  held  verticaUy  on  various  succes- 
sive stations.  The  marks  on  the  staff  which 
coincide  with  the  cross  wires  of  the  telescope  at 
each  point,  are  carefully  observed,  and  their 
difference  corresponds  to  the  difference  in  eleva- 
tion of  the  various  points. 

Level*  Electric* — ^Tlie  state  of  an  electri- 
fied surface  in  which  there  is  no  difference 
of  potential. 

Level  of  Earth*  Electric. — A  term  refer- 
ing  to  the  electricial  potential  of  the 
ground. 

Lever. — A  bar  of  metal,  wood,  or  other  sub- 
stance, used  to  exert  a  pressure,  or  sustain 
a  weight,  at  one  point  of  its  length,  by 
receiving  a  force  or  power  at  a  second,  and 
turning  at  a  third  on  a  fixed  point  called 
a  fulcrum.  It  is  usually  named  as  the  first 
of  the  six  mechanical  powers. 

There  are  three  kinds  of  levers,  vis.:  (1)  Those 
in  which  the  fulcrum  lies  between  the  points  at 
which  the  force  and  weight  act;  (2)  those  in  which 
the  weight  acts  at  a  point  between  the  fulcrum 
and  the  force;  and  (3)  those  in  which  the  force 
acts  at apoint  between  the  weight  and  the  ful- 
crum. Tne  distances  between  the  fulcrum  and 
the  weight  and  force  are  called  the  arms. 

The  relation  between  the  force  exerted  or  the 
pull,  P,  and  the  weight  lifted  or  resistance  over- 
come, W,  is  expressed  by  the  equation; 

P  X  a  =  W  X  b 

in  which,  a  is  the  lever  arm  of  P,  and  b  is  the 
lever  arm  of  W. 

Leverage* — The  mechanical  power  gained 
by  the  employment  of  the  lever. 

Lever  Brake*— *A  car  brake  controlled  by 
a  lever. 

Lever  Hook. — ^A  hook  upon  which  a  tele- 
phone receiver  is  hung,  moving  a  lever 
which  cuts  the  instrument  out  of  the  cir- 
cuit; when  the  receiver  is  lifted  off  the 
hook  the  lever  acts  to  complete  the  circuit 
again. 

Lever  Jack. — ^In  machine  shop  work,  a 
form  of  jack  comprising  a  simple  lever  for 
lifting,  and  a  standard  for  support. 

Lever  Switch. — Any  switch  turning  upon 
a  fixed  axis  like  a  lever. 

Lewis. — ^In  stonework,  a  device  for  lifting 
blocks,  in  which  two  wedge  shaped  pieces 
are  inserted  in  a  dovetailed  recess,  central- 
l^r  disposed,  and  locked  bv  a  center  tongue 
piece.  The  whole  is  fastened  with  a 
shackle  or  chain,  so  that  the  lewis  wedges 
itself  tight  on  the  dovetail  in  lifting. 


Lewis  Bolt. — ^A  bolt  for  securing  into 
stonework,  similar  to  the  lewis,  having  a 
pyramidal  head,  which  is  permanently 
fastened  in  the  dovetail  by  pouring  mehed 
lead  around  it. 

Lewis  Pliiif. — A  device  for  lifting  stones, 
consisting  of  a  tapering  plug  fitted  into 
a  slightly  larger  conical  hole  over  the  center 
of  gravity.  A  key  is  driven  in  between 
the  plug  and  the  cucumference  of  the  hole, 
holdmg  all  tight  under  strain,  but  released 
by  a  downward  tap  when  the  block  is 
landed. 

Leyden  Jar. — A  simple  form  of  condenser 
consisting  of  a  glass  jar  coated  inside  and 
out  to  a  certain  height  with  tinfoil,  having 
a  brass  rod  terminating  in  a  knob  passed 
through  a  wooden  stopper,  and  connected 
to  the  inner  coat  by  a  loose  chain.  It 
receives  its  name  from  Leyden,  the  city  in 
which  it  was  invented. 

Leyden  Jar  Batterjr. — Several  Lcyden 
jars  grouped  together  so  as  to  form  a 
battery. 

Leaden  Jar  Discharge. — 1.  The  disrup- 
tive discharge  from  a  Leyden  jar. 

2.  An  oscillating  discharge  derived  from 
a  Leyden  jar. 

Lichteiiber§^s  Dust  or  Electric  Fi^ 
ares. — ^A  method  of  investi^ting  the  dis- 
tribution of  electricity  devised  by  Lich- 
tenberg.  It  consists  of  sifting  a  mixture 
of  powdered  red  lead  and  sulphur  upon  a 
sheet  of  pitch  or  dry  glass,  the  surface  of 
which  has  been  rubbed  by  the  knob  of  a 
Leyden  jar ;  the  powder  then  assumes 
curious  forms  illustrative  of  the  electrifica- 
tion. 

Life. — 1.  In  mechanics,  the  period  of  time 
during  which  an  object  may  be  kept  in 
actual  use;  as,  the  Itfe  of  an  incandescent 
lamp. 

2.  The  number  of  separate  times  which 
an  object  may  be  usea  that  is  designed 
not  to  be  employed  continuously. 

Life  Curve  of  Incandescent  Lamp.-^A 

characteristic  curve  showing  the  durability 
of  an  incandescent  lamp  in  hours  by  al>- 
.    sciasas,  and  the  rate  of  Duming  in  candle- 
power  by  ordinates. 

Life  of  Cell. — In  storage  battery  practioe, 
the  durability  of  the  plates  for  gooa  service. 
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This  depends  largely  upon  the  eare  in 
handling  and  upkeep,  amd  the  extent  of 
use. 

Life  of  Ineajideseent  Lamp.— The 
lenp;th  of  time,  ezpreesed  in  hours,  during 
which  an  incandescent  lamp  gives  satis- 
factory light  under  normal  conditions. 

Lift. — 1.  To  move  in  a  direction  opposite  to 
the  law  of  gravitation;  to  raise;  to  elevate. 

2.  The  space  or  distance  through  which 
anything  is  ufted. 

3.  A  hoisting  machine;  an  elevator. 

4.  In  mechanics,  one  of  the  steps  of  a 
oone  pulley. 

5.  In  mininSf  a  single  set  of  pumps  in  the 
shaft;  each  combination  of  pumps  and  cistern, 
of  which  a  series  are  used  to  raise  the  water  to 
the  surface. 

6.  In  pumping,  that  portion  of  the  Mai  head 
represented  by  the  difference  in  elevation  of 
the  water  to  be  pumped  and  the  inlet  valves 
of  the  pump. 

Lift  and  Force  Pump. — In  hydraulics, 
one  which  sucks  or  lifts  the  liquid  to  be 
pumped,  and  delivers  the  same  under  pres- 
sure. To  effect  this,  some  sort  of  piston  or 
plunger  pump  is  necessary. 

Lift»  Eleetrie* — ^An  electric  elevator. 

Lifting^  Jack* — A  screw,  ratchet  or 
hydraulic  jack,  designed  to  raise  heavy 
weights. 

Lifting^  Magnet. — A  large  electromagnet 
designed  for  lifting  purposes  in  handling 
scrap,  pig  iron,  rails,  plate,  etc.  It  consists 
es8entiall3r  of  a  copper  coil  embedded  in  an 
outer  casing  of  cast  iron  or  steel.  The 
lifting  power  depends  both  upon  the  form 
of  the  magnet  and  on  its  magnetic  strength.  A 
horaeshoe  magnet  will  lift  a  load  three  or  four 
times  as  great  as  a  bar  magnet  of  the  same 
weight. 

The  lifting  power  is  greater  if  the  area  of  eon- 
tact  between  the  poles  and  the  armature  be  in- 
creased. Also  the  lifting  power  of  a  magnet 
grows  in  a  very  curious  and  unexplained  way  by 
gradually  increasing  the  load  on  its  armature,  day 
by  day.  until  it  bears  a  load  which  at  the  outset 
it  could  not  have  done.  Nevertheless,  if  the  load 
be  so  increased  that  the  armature  is  torn  off,  the 
power  of  the  magnet  falls  at  once  to  its  original 
value.  The  attraction  between  a  powerful  elec- 
tromagnet and  its  armature  may  amount  to  200 
lbs.  per  square  inch. 

Small  magnets  lift  a  greater  load  in  proportion 
to  their  own  weight  than  large  ones.  A  good 
steel  horseshoe  magnet  weighing  itself  one  pound 
ought  to  lift  twenty  pounds  weight.  Sir  Isaac 
Newton  is  said  to  have  possessed  a  lodestone 


mounted  in  a  signet  ring  which  would  lift  a  piece 
ci  iron  200  times  its  own  weight. 

Lifting  Valves* — ^Those  in  which  the  disc 
or  cone  is  lifted  vertically  from  the  seat. 


Inr  prosure  from  below,  as  in  ac^ety  valves. 
Also  poppet  or  double  beat  valves  which 
have  vertical  motion. 

Lif  hi. — That  form  of  radiant  energy  which 
affects  the  eye  so  that  objects  become 
visible. 

Lifl^ht  Bath*  Electrie. — ^In  electro-thera- 
peutics, a  form  of  treatment  in  which  the 
mvalid  is  exposed  to  the  rays  from  in- 
candescent lamps. 

Ligfht*  Electric. — ^Light  produced  by  the 
passage  of  an  electric  current.  A  current 
of  ten  amperes  at  forty-five  volts  is 
usually  reqmred  for  direct  current  open 
arc  lights.  The  pressure  range  ordinarily 
being  from  forty-two  to  fifty-two  volts. 
A  460  watt  are,  as  above,  is  usually  rated  at  2000 
eandle  power,  and  a  800  watt  arc,  at  1200  candle 
power.  Current  for  are  lighting  may  be  furnished 
by  (1)  series,  (2)  constant  current,  or(3)  by  the 
parallel  constant  pressure  system.  The  circuit 
voltage  of  the  latter  svstem  is  usually  110,  two 
lamps  being  connected  in  series  Enclosed  arcs 
consume  about  five  amperes  at  eighty  volts: 
when  alternating  current  is  used  they  consume 
six  amperes  at  seventy  to  seventy-five  volts. 
Incandescent  lamps  take  from  three  to  four  watta 
per  candle  power. 

Li^ht  Escape* — ^A  term  indicating  a  par- 
tial escape  of  electricity  to  earth. 

Li^hthoase  THnminatioiu — ^The  illumina- 
tion of  lighthouses  by  the  use  of  focusing 
electric  arc  lamps. 

Ught  Indicator. — A  form  of  electric 
annunciator  employed  to  indicate  whether 
a  railroad  signal  lamp  is  lighted  or  not. 

tdghUng  Circuits* — Circuits  for  main- 
taining a  system  of  electric  lights. 

Iiif  hting^  Wains* — In  an  electric  lighting 
system  of  house  wiring,  the  conductors 
which  are  prolongations  of  the  "feeders.'* 
The^  run  from  the  outside  lines  to  the 
distribution  center. 

Lifl^ht  Load* — ^As  applied  to  a  dynamo,  a 
delivery  of  current  much  less  than  it  is 
capable  of  delivering. 

Liffhtniiig^. — A  discharge  of  atmospherio 
electricity^  exhibited  in  flashes  of  various 
types  taking  place  between  the  clouds  and 
the  earth,  or  oetween  neighboring  clouds. 
There  are  many  forms  of  lightning,  such  as 
bally  chain,  forked,  globular,  zigzag,  etc. 
It  has  been  estimated  that  the  pressure  required 
for  a  lightning  flash  a  mile  long  would  be  over 
thrse  and  one  half  million  volts.    Zigsag  light- 
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mag  resembles  the  spark  from  an  eleetrio  ma- 
chine. If  a  disruptive  discharge  should  pass 
through  a  living  animal  it  is  often  fatal.  As  a 
discharge  reaches  the  earth,  the  heat  is  suffioiBnt, 
sometimes,  to  fuse  sand. 

Liglitiiiiiij^  Arrester* — A  device  connected 
with  electric  apparatus  for  carrying  a  light- 
ning discharge  to  earth,  and  thus  protect- 
ing instruments  and  operators  from  injurjr. 
One  form  of  lightning  arrester  used  m 

connection  with  telephones,  is  known  as 
the  carbon  arrester  and  consists  of  two  flat  blocks 
of  carbon,  between  which  is  placed  a  thin  sheet  of, 
mica.  Such  pairs  of  carbon  blocks  are  attached; 
to  each  termmal  of  the  line,  one  on  each  being; 
connected  to  line,  the  other  to  groimd.  The' 
direct  line  to  the  telephone  apparatus  is,  however, 
not  broken  on  either  limb,  the  carbons  forming  a 
branch  circuit.  The  theory  is  that  the  Ughtnmg 
current  will  pass  through  the  small  hole  in  the' 
mica  strip  between  the  carbon  blocks,  and  follow 
the  line  of  least  resistance  to  ground.  In  prac-l 
tice,  this  theory  seems  amply  warranted.  ^  ^  | 
A  further  protective  feature  is  sometimes  in-' 
troduced,  consisting  in  not  only  perforating  the 
mica  plate  at  a  pomt  midway  on  its  lengtb,  but 
also  mserting  in  a  bole  in  one  of  the  blocks 
a  small  drop  of  fusible  metal.  Under  a  high  heat, 
pn?33ure  this  metal  will  melt,  thus  assuring  per* 
lect  electrical  connection  between  the  two  blocks, 
and  grounding  the  line.  The  fuse  and  carbon 
protectors  are  frequoitly  combined  in  one  instru- 
ment, thus  assuring  complete  protection  to  the 
apparatus  from  all  electrical  disturbances. 

Lifhtning^  Arrester  Board* — ^In  a  tele- 
phone or  telegraph  system,  a  board  lor 
carrying  the  lightning  arresters. 

Ligfhtning^  Arrester  Earth* — The  earth 
to  which  a  lightning  discharge  is  conveyed 
by  a  lightning  arrester. 

Li^htnin^  Bolt* — ^The  flash  of  a  discharge 

of  lightning. 

Li^htning^  Conductor. — ^A  lightning  rod; 
also  called  lightning  gward. 

Li^htnin^  Deviator  or  Diseharsrer* — 

A  name  sometimes  given  to  a  li^tning 
arrester. 

TAfi^htnia^  Jar.  —A  Leyden  jar  coated 
with  metallic  filings  which  exhibit  scintil- 
lating sparks  when  the  jar  ib  discharged. 

Li^htnin^  Rod* — A  conducting  rod  or 
cable  erected  on  the  outside  of  a  building 
and  connected  to  earth,  in  order  to  afford 
protection  from  lightning  by  carrying  the 
lightning  discharge  into  the  ground;  or  to 
prevent  lightning  by  leading  the  electricity 
trom  the  earth  to  the  cloud  without  dis- 
turbance. 

Li^htning^  Stroke* — ^A  discharge  of  light- 
ning from  the  clouds  to  the  earth. 


Idjf htniim^  Tube* — ^A  fused  tube  produced 
in  sand,  earth  or  rock  by  the  action  of 
lightning.    Also  called /uZ^rtto. 

Lignite* — ^In  mining,  mineral  coal  retaining 
the  texture  of  the  wood  from  which  it  was 
formed y  and  burning  with  a  disagreeable 
odor;  called  also  brown  coal  and  wood  cod. 

Lienum  Vitas* — A  wood  found  in  Cuba, 
Jamaica  and  San  Domingo.  It  is  of  a  dull, 
brownish  green  color,  hard,  and  close  grain- 
ed; the  fibers  interlacing  at  various  angles. 
The  heart  wood  is  chiefly  used,  and  its  uses 
in  engineering  are  for  the  linings  of  the 


A  cubic  foot  weiglis  from  40  to  80  lbs. 


UlUe  Wire  Joint. — A  method  of  joining 
wires  in  which  the  connector  consists  of  a 
strip  of  copper  curved  longitudinally  in 
opposite  directions,  the  wires  being  slipped 
into  the  curved  channels  and  twisted  in 
opposite  directions. 

Lime* — Oxide  of  calcium ;  the  white,  caustic 
substance,  usually  called  quicklime,  ob- 
tained from  limestone,  shells,  ete.,  by  heat, 
the  heat  expelling  carbonic  acid  ana  leav- 
ing the  lime  behind. 

Lime^  Liffht. — ^The  oxyhydrogen  flame  or 
calcium  Tight.  Hydrogen  bums  in  air  with 
a  non-luminous  hot  flame.  If  it  bum  in 
combination  with  oxygen  instead  of  with 
air,  the  heat  is  greatly  intensified.  By 
allowing  this  flame  to  impinge  upon  a  small 
cyUnder  of  lime  (calcium  oxide)  an  exceed- 
ingly brilliant  light  results. 

Limestone. — A  kind  of  stone  consisting 
largely  or  chiefly  of  carbonate  of  lime, 
from  which  lime  is  obtained  by  the  expul- 
sion of  its  carbonic  acid.  iTimestone  is 
much  used  as  a  building  stone,  but  most 
frequently  is  calcined  in  lime  kilns,  in  which 
the  carbon  dioxide  is  driven  off.  and  the  oxide 
of  calcium,  an  alkaline  earth  termed  quick  lime 
remains.  This  is  used  to  a  great  extent  in  manu- 
factures and  the  arts.  For  use  as  mortar  it  is 
"slaked"  with  wster,  which  it  absorbs  with  avid- 
ity, accompanied  by  an  increase  in  volume,  and 
the  liberation  of  heat. 

Limewhite. — Whitewash;  a  mixture  of 
quicklime  and  water,  used  for  rough  paint- 
ing, especially  in  places  where  a  frequent 
application  is  necessary.  It  may  be  im- 
proved for  holding  on  metal  by  adding  1 
lb.  of  tallow  to  10  gallons  of  wash,  or  may 
be  made  weather  proof  by  adding  12  lbs. 
of  salt  to  the  same  quantity. 
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Limit  Oaiif^s. — ^Double  ended  gauges, 
those  for  external  work  being  stamped 
"go  on"  or  ''not  go  on"  at  either  end, 
those  for  internal  work  bearing  the  letter- 
ing "  go  in  "  and  "  not  go  in  " ;  the  two  ends 
are  also  of  different  shape  for  easy  recog- 
nition. Each  end  ia  made  to  a  certain  allowance 
above  or  below  the  nominal  standard  size  aooord- 
inc  to  the  dwree  of  finish  required,  thus  fixing 
the  limits  of  tne  variation  between  tiie  maximum 
and  minimum  sises  of  a  hole  or  shaft.  By  their 
use,  the  time  spent  in  gauging  and  measuring  is 
reduced  to  a  mmimum,  anainterchan^eable  work 
is  easily  produced,  the  limits  of  vanataon  being 
easily  controllable. 

Limiting  Distance  of  Speech. — In  a 

telephone  line,  the  extreme  distance  over 
which  conversation  can  be  satisfactorily 
heard,  depending  upon  the  capacity  of  the 
circuit  and  the  instruments  used. 

Limiting  Speed  of  Cable* — ^The  extreme 
speed  of  cable  transmission,  limited  by  the 
resistance  and ,  electro-statio  capacity  of 
the  line. 

liiadtinff  Stop. — A  stop  for  fixing  the 
distance  of  any  swinging;  motion,  or  vibra- 
tion, within  definite  limits. 

JAmitiKkg  Temperature. — The  extreme 
limits  of  temperature  which  an  ap^ratus 
can  safely  bear  without  suffering  mjiuy. 

liiadt  Switch. — ^In  an  electric  elevator,  a 
switch  automatically  operated  b^  the  car 
for  opening  the  circuit  and  limiting  the 
travel  of  the  car. 

Line. — ^In  general,  a  conducting  wire 
between  stations  in  a  system  of  electric 
communication  or  distribution. 

Xiine  AdiJuster. — In  a  telegraph  line,  a 
device  for  adjusting  relays  to  counteract 
tbe  effects  of  leakage. 

Linear  Capacity. — ^A  quantity  equal  to 
the  capacity  of  a  conductor  divided  by  its 
length. 

Linear  Capacity  of  Cable. — ^The  ratio 
betwe^i  the  electro-static  capacity  of  a 
cable  and  its  length. 

Linear  Density*  Electric. — The  quantity 
of  electricity  upon  a  charged  surface  con- 
sidered in  relation  to  the  length  of  the 
surface. 

Linear  Insnlation. — ^The  insulation  of  a 
conductor  considered  in  relation  to  its 
length. 


Linear  Insulation  of  Cable.-— The  foBO- 

lation  resistance  of  a  cable  considered  in 
relation  to  the  length  of  the  cable. 

Line  Arrester. — ^A  lightning  arrester  in 
the  circuits  of  a  telegraph  or  telephone  line. 

Line  Battery. — In  telegraphy,  the  battery 
often  called  the  main  battery  which  b  used 
in  operating  the  main  line,  as  distinguished 
from  the  local  battery. 

Line  Circuit. — ^The  conductors  which  form 
the  main  line  in  telegraph,  telephone  and 
electric  distribution  circuits;  the  main 
circuit. 


Line    Crosses. — ^Accidental  electric 
nections  between  overhead  lines. 


oon- 


Line  Drop. — An  annimdator  drop  in  a 
telephone  switchboard. 

Line  Dynamometer. — ^A  form  of  dyna- 
mometer used  in  overhead  line  construc- 
tion to  obtain  the  proper  degree  of  tension 
in  a  wire;  a  tension  ratchet. 

Line  Insulator. — ^An  insulator  cairyiDg  an 
overhead  line. 

Line  Jacks. — ^The  spring  jacks  of  a  tele- 
phone switchboard  connected  with  sub- 
scribers' lines. 

Lineman. — ^An  electrician  emploved  to  put 
up  line  circuits,  and  to  see  that  all  the  parts 
are  kept  in  proper  condition. 

Lineman's  Detector. — A  portable  galvan- 
oscope  used  by  linemen  in  tracing  circuits 
and  localizing  faults  in  the  erection  and 
repair  of  telegraph  lines  or  otiier  electric 
circuits. 

Line  of  Least  Sparking^. — ^That  diameter 
of  a  dvnamo  or  motor  commutator  at 
which  the  brushes  may  rest  with  little  or 
no  sparking. 

Line  Pefl^. — ^The  connecting  plug  in  a  tele- 
phone switchboard. 

Line  Pressure  Compensator. — ^In  an  al- 
ternating current  system,  a  compensating 
device  attached  to  a  voltmeter  by  means  of 
which  allowance  is  made  for  a  fall  of  po- 
tential in  a  feeder. 

Line  Reactance. — ^The  reactance  esirting 
in  a  conducting  line. 


Line  Section  of  Electric  Railroad, 


250 


Liqurfaction. 


Xiiae  Section  of  Eleetrie  Railroad. — 

.  A  section  of  an  electric  railway  system  so 
related  to  the  rest  of  the  parts,  as  to  allow 
of  its  having  control  over  its  own  power. 

Line  Shafting. — Shafting  arranged  in  a 
line;  as^  in  a  factory^  taking  its  power  from 
one  pomt  and  distributing  it  by  means  of 
belts  and  pulleys  to  the  various  machines 
on  either  side  of  its  length. 

Linos  of  Electric  Displacement. — ^The 
assumed  lines  of  electric  flow  which  are 
associated  with  electric  displacement. 

Lines  of  Electric  Indnctlon.— ^The  as- 
sumed lines  of  direction  along  which  elec- 
tric induction  moves  in  a  conductor. 

Lines  of  Electrostatic  Flnz. — ^The  as- 
sumed lines  of  direction  followed  by  elec- 
trostatic flux. 

Lines  of  Electrostatic  Force^-^Assumed 
lines  of  force  eidsting  in  the  vicinity  of  an 
electrified  body  in  the  direction  followed  by 
electrostatic  attraction  and  repulsion;  also 
called  linee  of  inductive  action. 

Lines  of  Force. — ^In  any  "field"  such  as 
that  produced  around  and  inside  a  coil  of 
wire  through  which  a  current  flows,  or 
between  t&  poles  of  any  magnet  either 
eleotrical  or  permanent,  there  are  invisible 
Unee  of  force  which  arrange  themselves  in  a 
definite  shape  axoiind  and  between  the  i>ole8,  and 
if  they  be  cut  in  any  way  by  moving  a  wire  aoroae 
them,  a  current  ia  produced  in  the  wire  and  this 
eurrent  depends  lai^ely  upon  the  number  of  these 
lines  of  forne  which  are  cut  ^r  second.  It  makes 
no  difference  whether  the  wire  be  held  stationary 
and  the  macnet  and  its  field  moved,  or  whether 
the  wire  itself  is  moved  and  the  field  is  stationafy. 
The  result  is  the  same  as  far  as  pioducins  a 
eurrent  is  ooneemed.  The  utilisation  of  this 
prfaiciple  18  the  basis  upon  which  the  mechanical 
prodfuoera  of  electricity,  such  as  dynamos  and 
magnetosf  are  made. 

Lines  of  Magnetic  Force* — Lines  as- 
sumed to  exist  in  a  magnetic  field  of  force, 
tracing  the  paths  along  which  magnetism 
acts.  If  a  thin  piece  of  paper  be  placed 
over  a  bar  magnet  and  fine  iron  filings  be 
sprinkled  over  it.  the  particles  of  iron  will 
arrange  themselves  in  recular  curves  between  the 
poles  and  map  out  or  define  lines  in  tlie  mA|pi»ri<< 
fields  which  scientists  call  lines  of  force. 

The  forms  of  the  curves  show  not  only  the 
direction  of  the  magnetic  force,  but  they  also 
enable  us  to  draw  conclusions  as  to  its  intensity. 
When  the  force  is  smtt  the  curved  lines  are  thick 
and  sharply  defined,  and  when  it  is  weak  the  fines 
are  thin  and  less  plain. 

The  lines  of  force  are  alK>  to  be  found  in  the 
nei^borfaood  of  wires  through  which  electric  cur- 
rents an  pmiiring     They  are  the  outward  effect 


Eroduoed  by  the  passsgo  of  an  electric  eunent. 
ut  the  most  singular  liMst  is  that  th^  can  also 
be  the  cause  of  an  electric  current. 

Lines  of  Ma^^etic  Induction. — ^The  as- 
sumed lines  of  direction  along  which 
magnetic  induction  moves  in  a  body;  also 
called,  Unee  of  magnetization. 


Line  Spectrum. — ^A  spectrum  of  light  con- 
sisting of  more  or  less  sharply  defined  lines 
which  are  arranged  without  any  apparent 
regularity. 

Line  Wire. — ^The  conducting  wire  between 
stations  in  a  telegraph  or  telephone  system. 

Line  Wire  Tier. — ^A  short  binding  wire  by 
which  a  line  wire  is  tied  to  an  insiuator. 

Link. — 1.  One  of  the  rings  or  separate  sec- 
tions of  which  a  chain  is  composed. 

2.  That  which  connects  any  one  thing 
or  part  with  another,  or  any  individual 
member  of  a  connected  series  forming  a 
continuous  whole. 

Linkages. — ^The  linking  together  of  lines  of 
magnetic  force  and  the  ccmducting  coils 
through  which  they  pass;  the  total  number 
of  linkages  being  the  product  of  the  mag- 
netic flux  by  the  number  of  turns  in  the 
coil. 

Link  Boltinff. — ^This  consists  of  a  number 
of  short  links,  arranged  parallel  for  power 
transmission.  Thev  are  retained  in  posi« 
tion  bv  pins  which  permit  the  links  to 
pivot  freely  and  bend  around  small  pul- 
leys and  transmit  power  easily  between 
those  which  are  situated  at  a  short  dis- 
tance apart,  being  more  flexible  than  con- 
tinuous belting. 

Link  Fuse. — ^A  safety  fuse  oontaining  a  link 
of  fusible  material. 

Link  Insulator. — A  form  of  insulator  for 
high  tension  transmission  lines,  consisting 
of  a  number  of  porcelain  discs  held  to- 
gether by  wire  ana  links  and  hung  from  the 
cross  arm.  The  line  wire  is  attached  to 
the  side  or  top  by  tie  wires. 

Link  Shoe. — In  electric  traction,  a  form  of 
third  rail  contact  shoe  which  is  suspended 
by  two  links  from  the  yoke  bolted  to  the 
shoe  beam. 

Liquelkction. — The  reduction  of  aolidB  to 
a  liquid  state  by  means  of  heat  or  solution; 
and  of  gases  by  edd,  or  pressure,  or  both. 
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Liquid* — ^Anything  which  flows  and  can  be 
pour^  in  drops,  like  water;  it  differs  from 
a.  fluid  in  that  the  latter  flows  in  a  straun  or 
streams,  as  a  gas.  Another  definition  is 
that  a  liquid  flows  and  wets  that  on  which 
it  flows. 

Liquid  Air. — ^A  dry  colorless  liquid  obtained 
by  subjecting  atmospheric  air  to  great 
pressure  and  abstractmg  its  heat. 

Liquid  Compass, — ^A  standard  type  of 
mariner's  compass  in  which  the  bowl  is 
filled  with  a  mixture  of  alcohol  and  water 
which  serves  to  overcome  the  effect  of 
vibration  upon  the  needle. 

Liquid  Damping. — ^A  method  of  damping 
the  swing  of  tne  needle  of  a  measuring 
instrument  by  fluid  friction.  Oil  damping 
is  commonly  used  when  moving  parts  are 
heavy,  ^  a  rotating^  f»addle  tunung  against 
the  oil  in  which  it  is  immersed. 

Liquid  Fuel. — Petroleum  burnt  in  suitable 
furnaces  in  the  form  of  a  spray  is  superior 
to  ordinaiy  coal  as  fuel,  ha^^ng  thirty-three 
per  cent,  higher  evaporative  value  than 
anthracite.  It  is  more  easily  stored  and 
transported,  and  yields  no  ashes  in  com- 
bustion. 

Liq^uid  Level  Alarm* — An  electric  alarm 
given  by  the  action  of  a  float  upon  a  make 
and  break  mechanism,  when  a  certain 
liquid  falls  below  or  exceeds  a  ^ven  level; 
a  water  level  alarm. 

Liquid  Idghtalikg  Arrester* — A  form  of 
hghtning  arrester  sometimes  employed  in 
water  i>ower  plants  in  which  either  a  jet  of 
water  is  played  upon  a  conductor  con- 
nected to  the  line,  or  a  column  of  water 
contained  in  an  insulated  pipe  is  connected 
at  one  end  to  the  line  and  the  other  to 
earth.  The  former  type  is  usually  known 
as  the  water  jet  arrester. 

Liquid  Rosistanee* — Pure  water  is  some- 
times employed  for  the  control  of  the 
electric  current.  The  water  is  usually 
contained  in  a  wooden  box  called  the 
"water  box."  Metal  terminals  are  im- 
mersed in  the  water  and  the  resistance  is 
adjusted  h^r  varying  the  degree  to  which  the  ter- 
minals are  immerm  or  by  changing  the  distance 
between  them.  Liquid  resistances  are  often  con- 
venient in  connection  with  electrical  testing. 

Liquids  as  Conduetors*~With  respect 
to  the  conducting  properties  of  liquids, 
they  may  be  divided  mto  three  classes: 


(1)  Those  which  are  non-conductors,  as 
turpentine,  petroleum  and  many  oils,  (2) 
those  which  conduct  without  decompo- 
sition, as  mercury;  (3)  those  which  con* 
duct  and  are  decomposed,  as  dilute  acids 
and  solutions  of  metallic  salts,  etc. 

Liquid  Thermostat* — A  thermostat  which 
acts  by  the  expansion  of  a  liquid  when 
heated. 

Listeninn^  Key. — A  key  or  cam  controlled 
by  a  lever,  by  which  a  telephone  operator 
is  enabled  to  connect  his  telephone  with  the 
line  of  any  subscriber. 

Lithanode. — Compressed  peroxide  of  lead 
prepared  for  use  as  electrodes  in  storage 
Datteries. 

Litharg^e. — ^The  yellow  oxide  of  lead,  also 
known  as  lead  monoxide  and  massicot.  A 
compound  of  lead  and  oxygen  which  when 
made  into  a  piaste  with  sulphuric  acid  or 
with  a  solution  of  magnesium  sulphate  is 
pressed  into  the  holes  of  the  negative  plate 
of  a  storage  battery,  when  the  **  pasting  " 
process  is  employed  in  forming. 

yj^iiiwiw^ — A  silvery  white  metal,  melting  at 
370^  Fahr.  It  is  the  lightest  solid  known, 
its  specific  gravity  being  0.59  or  36.7 
poimds  to  a  cubic  foot.  It  resembles 
sodium  and  potassium,  and  is  a  widely  dis- 
tributed element,  occurring  in  sea  water, 
mineral  springs,  tobacco  ash,  etc. 

y^UtM  Paper. — ^A  paper  prepared  and 
sold  by  druggists,  used  for  indicating  cer- 
tain impurities  foimd  in  boiler  feed  water. 
Water  turning  blue  litmus  paper  red,  before 
boiling,  contains  an  acid,  and  if  tne  blue 
color  can  be  restored  by  heating,  the  water 
contains  carbonic  acid. 

Live. — A  term  expressing  an3rthing  that  is 
operating  or  effective;  that  which  exerts 
force  or  does  work  as  distinguished  from 
that  which  is  dead  or  idle.  A  live  axle  of 
a  motor  car  revolves,  driving  the  wheels; 
a  dead  axle  remains  stationary,  the  wheels 
revolving  upon  it. 

Live  Load. — One  that  is  put  on  suddenly, 
or  is  accompanied  with  vibrations;  as  the 
force  exerted  by  the  connecting  rod  of  an 
engine,  or  by  a  train  crossing  a  railway 
bridge;  a  varying  load. 

Live  Steam. — Steam  issuing  under  pressure 
from  a  boiler,  as  distinguished  from  ea> 
haust  steam. 
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Live  Wire. — A  wire  in  actual  use  as  a  part 
of  an  electric  circuit,  especially  one  through 
which  a  strong  current  is  passing. 

Lead. — 1.  In  general,  the  work  sustained  by 
a  machine. 

2.  As  applied  to  a  dynamo,  the  out- 
put in  watts. 

3u  The  resistance  offered  to  a  motor  by 
the  machinery  it  drives  apart  from  the 
friction  of  its  own  parts. 

Load  Carre  of  Station. — ^The  character- 
istic curve  tracing  the  electric  output  of  a 
central  station  at  every  moment  through- 
out the  day. 

Load  Equalixin^. — ^When  a  number  of 
compound  dynamoe  of  different  outputs, 
size,  or  make  are  running  together  in 
parallel,  it  frequently  happens  that  all 
their  characteristics  are  not  exactly  similar, 
and  therefore  the  load  is  unequally  distrib- 
uted among  them,  some  being  overbaded,  while 
others  do  not  take  up  their  proper  share  of  the 
work.  If  the  difference  be  small,  it  may  be 
compensated  by  means  of  the  hand  regulator;  if 
large,  however,  other  means  must  be  taken  to 
cause  the  machines  to  take  up  their  due  propor- 
tion of  the  load.  If  the  shunt  coils  of  the  several 
dynamos  be  provided  with  small  adjustable 
resistances,  in  the  form  of  German  silver  or  copper 
ribbon  inserted  in  series  with  the  coils,  the  ois- 
tribution  of  the  current  in  the  latter  may  be 
altered  by  varying  the  resistance  attached  to  the 
individual  coib,  and  thus  the  effect  of  the  shunt 
coils  upon  the  individual  armatures  in  raising  the 
pressure  may  be  adjusted,  and  the  load  thua 
evenly  divided  among  the  machines. 

Lead  Factor. — The  ratio  of  the  average 
power  of  a  machine,  plant  or  system  to  the 
maximima  power  during  a  certain  period 
of  time,  being  usually  expressed  in  the  per- 
centage which  the  average  load  is  to  the 
maximum. 

Lead  Panel. — In  a  system  of  electric  dis- 
tribution, a  switchboard  supplied  with  the 
devices  for  recording  the  electric  output  of 
the  central  station. 

Load  Rating^. — ^In  steam  engineering,  the 
process  of  estimating  or  ascertaining  the 
amount  of  work  done  by  an  engine  work- 
ing up  to  its  capacity.  Not  to  be  con- 
founded with  the  calculation  of  duty. 

Local  Action  of  Dynamo. — Wasteful  ac- 
tivity in  the  working  parts  of  a  dynamo 
due  to  eddy  currents. 

Local  Action  of  Voltaic  Cell.— Waste- 
ful chemical  action  which  goes  on  in  a 
voltaic  cell  when  the  circuit  is  open,  due 


to  impurities  in  the  zinc  or  to  the  varying 
density  of  the  electroljrte.  Such  action 
mav  also  occur  when  the  circuit  is  closed 
without  contrtt)uting  to  the  useful  current. 

Local  Battery. — In  telegraphy,  a  battery 
for  a  local  circuit,  supplying  tne  current 
for  the  station  instruments. 

Local  Battery  Circuit. — In  telegraphy, 
the  circuit  operated  by  the  local  battery 
of  a  station. 

Local  Call. — ^A  call  received  at  a  telephone 
exchange  from  a  subscriber,  as  oistin- 
guished  from  a  call  coming  through  another 
exchange. 

Local  Currents. — 1.  Useless  electric  cur- 
rents sometimes  generated  in  an  armature 
core  producing  injiu-ious  heat.  This  tend- 
ency is  reduced  bv  laminating  and  insulat- 
ing the  core.  Local  currents  are  also 
known  as  eddy  currents  or  FoucavU  cur- 
rents. 

2.  In  a  primaiy  cell.  chem*'*al  action  that  tends 
to  eat  away  the  sine,  owing  to  the  impurities  m 
the  metaL  It  may  be  prevented  by  amalgama- 
ting the  sine. 


Local  Faradisation*  —  In  electro-thera- 
peutics, the  application  of  faradization  to 
a  limited  part  of  the  body. 

Localisation  of  Faults.  —The  act  or  pro- 
cess of  locating  a  fault  in  a  line  or  cable  by 
making  capacity  tests. 

Localisation  Test. — ^A  capacity  test  ap- 
plied to  a  line  or  cable  in  order  to  locate  a 
fault. 

Localised  Capacity. — C  a  p  a  c  i  t  y  intro- 
duced into  a  circmt  at  special  points  in 
addition  to  that  already  existing  in  the 
circuit. 

Localised  Inductance. — ^Inductance  in- 
troduced into  a  circuit  at  special  points  in 
addition  to  that  already  existing  in  a 
circuit. 

Local  Jack. — In  a  multiple  telephone 
switchboard,  the  answering  jack  by  means 
of  which  the  operator  responds  to  a  signal 
received  at  the  operator's  section. 

Locally  Interconnected  Switchboard. 

— ^A  telephone  switchboard  arranged  in 
sections  which  are  connected  with  one  an- 
other. 

Location. — 1.  In  surveying,  staking  out  the 
boundaries  of  an  area,  determining  points 
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through  which  a  road  or  railwajr  shall  IMU»f 
or  marking  out  with  stakes  sites  decided 
upon  for  mining  or  boring  operations. 

2.  Position,  site. 

3.  Anything  marked  out;  a  measured 
area. 

Lock,  Electric. — An  electrically  operated 
spring  lock  released  by  a  push  button  at 
some  distance  from  it. 

Leek  Faucet. — A  tap  or  faucet  capable  of 
being  secured  with  lock  and  key. 

Lock  Gate. — A  water  tight  door  fitted  with 
sluices  and  working  upon  hinges,  used  to 
close  the  entrance  to  a  lock  on  a  canal  or 
dock.  The  water  level  is  equalized  either 
side  of  the  gate  to  be  opened  by  means  of 
the  sluices,  the  gate  then  being  swung  on 
its  hinges  to  permit  the  passage  of  a  craft. 

Lock  Nut. — ^A  nut  having  an  inwardly 
projecting  pin  or  other  means  for  holding 
it  against  a  possibility  of  jarring  loose. 

Lock  Out  System. — A  telephone  system 
containing  a  lockout  mechanism  for  secur- 
ing secrecy  in  party  lines,  so  that  a  sub- 
scriber may  not  intrude  upon  and  overhear 
the  conversation  of  other  subscribers  on 
the  Une,  nor  interrupt  when  the  line  is 
already  busy. 

Locomotive*  Electric. — A  car  or  en^e 
carrying  an  electric  motor  for  drawing 
trains,  especially  in  electrified  systems  of 
interurban  or  trunk  line  railways.  Elec- 
tric motors  vary  greatly  in  form  as  no 
standard  shape  is  yet  established.    In  the 

smaller  looomotives,  the  motor  is  uauallv  geared 
to  the  driving  axle  by  what  is  called  single  reduc- 
tion; in  the  laiger  t^pe  the  motor  is  directly  con- 
nected without  gearmg. 

Lodeetone. — A  variety  of  magnetite,  or  the 
magnetic  oxide  of  iron,  possessing  in  a 
natural  state  the  properties  of  a  magnet; 
a  natural  magnet.  It  was  the  first  sub- 
stance in  which  the  phenomenon  of  mag- 
netism was  observed,  and  not  until  tlius 

tenth  or  twelfth  century  was  it  discovered  that 
lodestones  possessed  the  property  of  pointinjg 
north  and  south  when  himg  up  oy  a  thread.  Tliis 
property  was  turned  to  advantage  in  navigation, 
and  from  that  time  the  magnet  received  the  name 
of  lode^one  or  ^'leading  stone."  It  is  oommonlyf 
though  iacomctiy,  spelled  loadstone. 

"Leg* — 1.  An  abbreviation  for  logarithm* 
2.    A  stick  of  timber  butted  on  the  ends; 
a  piece  of  timber,  trimmed  of  branches, 
etc.,  ready  for  the  saw  milL 


3.  The  engine  room  log  kept  by  the 
chief  engineer,  giving  a  tabulated  sum- 
mary of  the  performances  of  the  machineiy.  and 
the  consumption  of  fuel,  together  with  all  repairs 
executed,  etc. 

LeMrithm. — In  higher  mathematics,  one 
of  a  class  of  artificial  numbers,  devised 
by  Napier  (A.  D.  1600),  to  abridge  arith- 
metical calculations,  and  by  the  u^e  of 
carefully  prepared  "Tables  of  Logarithms, " 
to  shorten  the  difficult  operations  of  raising 
to  poioers  and  the  extraction  of  roots, 

Loifarithmic  Curve. — ^A  curve  having  or- 
dinates  increasing  arithmeticallv,  while 
its  abscissas  increase  geometrically. 

Loi^rithmic  Decrement  of  Oalva- 
nometer. — ^The  ratio  of  the  amplitude  of 
one  swing  of  a  galvanometer  needle  to  the 
next  following  one. 

Log^9  Electric. — An  electric  apparatus 
devised  for  measuring  the  speed  and  pro- 
gress of  vessels  at  sea. 

ILoggf^  Motor»  Electric. — ^A  traveling 
motor  Tor  hauling  logs,  used  in  lumbering 
operations. 

Lonff  Arc  Electric  Lig^htin^. — An  arc 

light  s^tem  in  which  unusually  long  arcs 
are  maintained. 

Lonff  Closed  Circuit. — ^A  circuit  in  which 
all  the  related  parts  are  connected,  as  dis- 
tinguished from  one  having  some  of  its 
receptive  devices  disconnected. 

Long^  Coil  Ma^^et. — An  electromagnet 
wound  with  many,  turns  of  fine  wire,  for 
use  on  long  circuits  where  there  is  high 
resistance. 

lA»ng^  Core  Ma^^et. — ^An  electromagnet 
furnished  with  a  core  of  considerable  length. 

Lon^  Distance  Telephone. — A  term 
sometimes  applied  to  toll  line  systems  for 
communicating  to  distant  points.  Special 
switchboards  are  provided  for  connecting 
local  to  distant  subscribers,  and  specially 
constructed  cables  join  the  various  stations. 

Lonf  Distance  Telephone  Cabinet. — 

A  silence  cabinet  for  use  in  long  distance 
telephoning. 

Lon^    Distance    Transmission. — The 

transmission  of  electric  current  for  light- 
ing, traction,  power  driving  or  other  pur- 
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poses  from  a  generating  center  to  distant 
points  at  which  the  current  is  utilized, 
in  long  distance  transmission,  high  tension 
attenuLting  currents  are  used  by  both  three  phaee 
three  wire  and  two  phase  four  wire  systems,  the 
former  being  preferred  for  greatest  distances  be- 
cause of  its  economy  of  copper. 

Lonff  DistaAce  Transmitter. — ^A  tele- 
phone transmitter,  such  as  the  solid  back 
trahsmitter,  adapted  for  use  on  long  dis- 
tance lines. 

LonflT^tiide* — ^In  geography  and  navigation, 
the  arc  or  distance  east  or  west  on  the 
earth's  surface  intercepted  between  the 
meridian  of  a  given  place  and  the  meri- 
dian of  some  other  place  from  which  longi- 
tude is  reckoned,  usually  from  Greenwich, 
England,  but  also,  sometimes,  from  the  capital  of 
a  country,  as  from  Washington  or  Paris.  The 
kua^tudo  of  a  place  is  expressed  either  in  degrees 
or  m  time:  as,  that  of  New  York  is  74^  or  4  h. 
60  min.  west  of  Greenwich. 

]jOiia»ltudIii«l« — Appertaining  to  length  or 
to  longitude,'  a  longitudinal  section  is  one 
taken  parallel  with  the  length  or  longest 
line  of  the  object,  as  distinguished  from  a 
tranaverse,  or  one  taken  across. 

Longitudinal  Magnetisation. — ^Magnet- 
ization of  an  iron  oar  such  that  the  mag- 
netic axis  of  each  molecule  coincides  m 
direction  with  the  length  of  the  bar;  a 
state  of  magnetic  saturation. 

Longitudinal  RiTetinfp. — ^The  lengthwise 
seams  in  a  boiler  shell,  wnich  have  to  resist 
the  bursting  strain  or  the  steam,  and  are, 
consequently,  sometimes  double  or  treble 
riveted  with  inside  and  outside  butt  or 
welt  straps. 

Longitudinal  Vibrations. — Vibrations 
of  an  elastic  medium  parallel  to  the  length 
of  the  medium. 

Louff  Range  Electrometer. — An  elec- 
trometer capable  of  making  measurements 
over  an  extended  range. 

hong  Shunt  Compound  Winding. — ^A 

method  of  compound  winding  in  whicn  the 
shimt  winding  is  connected  around  the 
coil. 


Lonip  Shunt  Compound  Wound  Dy- 
naaM>. — ^A  compound  wound  djmamo  em- 
ploying the  long  shunt  arrangement  of  the 
shunt  winding. 

Louff  Shunt  Winding. — ^In  a  compound 
wound  dynamo  or  motor,  a  shunt  wmding 
ocmneeted  across  the  terminals. 


Loom*  Eleetric. — ^A  loom  for  Jacquard 
weaving  in  which  metal  plates  are  sub- 
stituted for  the  perforated  cards,  and  elec- 
tromagnets are  used  for  their  operation. 

Loop  Bracket. — A  bracket  with  one  or 
more  insulators  at  a  point  where  a  loop  is 
introduced  into  a  circuit;  a  spreader 
bracket. 

Loop  Break. — An  insulating  device  for 
holding  the  ends  of  a  conductor  which  has 
been  cut  for  the  introduction  of  a  loop. 

Loop  Circuit. — 1.  A  branched  or  parallel 
circuit. 

2.    A  circuit  not  having  a  ground  return; 
a  metallic  circuit. 

Loop  Cut  Out. — A  cut  out  included  in  an 
electric  loop. 

Loopt  Electric. — ^A  secondary  circuit 
branching  from  the  main  line  and  re- 
turning to  it. 

Loopin^in. — ^A  term  sometimes  applied  to 
the  method  of  wiring  a  series  telephone 
party  line,  in  which  the  line  circuit  passes 
from  one  instrument  to  the  next  through- 
out the  entire  circuit. 

Loop  Mile. — A  branching  and  returning 
conductor  for  a  distance  of  one  mile  in  a 
loop  circuit. 

Loops  of  Mutual  Induction. — Lines  of 
inouction  in  an  electrical  circuit  caused  by 
the  varying  intensity  of  the  current  in  an 
adjacent  circuit. 

Loop  Switch. — ^A  switch  bv  means  of 
which  a  loop  is  cut  in  or  out  of  a  main  line. 

Loop  System  of  Distribution* — An  early 
method  of  distribution  in  an  electric  light- 
ing system  in  which  each  lamp  obtained  its 
currents  through  a  separate  circuit  of  its 
own. 

Loop  Test. — A  method  of  locating  a  fault 
in  a  telegraph  or  telephone  circuit  when 
there  is  a  good  wire  running  parallel  with 
the  defective  one.  In  the  process  the  good 
and  bad  wires  are  joined  at  their  distant 
ends  and  one  terminal  of  the  battery  is 
connected  to  a  Wheatstone  bridge,  while 
the  other  terminal  is  grounded. 

Loop  Winding. — ^A  lap  winding,  in  which 
the  connections,  instead  of  progressing  in 
a  '*  wave "  around  the  core,  are  made  be- 
tween adjacent  coils  in  series. 
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Xioofle  Carbon  TraAsmltterir-The  f;raii- 
ular  carbon  or  dust  telephone  transmitter, 
in  which  a  maes  of  caroon  grains  is  held 
between  flat  carbon  electrodes  for  vaiying 
the  resistance  of  the  circuit. 

Loose  Conteet^ — A  contact  in  which  two 
surfaces  touch  each  other  li^tly. 

LoM  of  Continuity*— An  interruption  or 
break  in  an  electric  Circuit. 

LoM  of  Head. — ^n  hydraulics,  the  diminu- 
tion in  the  wei'^t  and  pressure  of  a  liquid 
column.  ho^jB  of  head  is  due  to  the  friction 
of  long  pijies  and  to  the  presence  of  short 
bendS' 

Lo»j  Plate  of  Voltameter.— The  plate 
m  a  metal  voltameter  at  the  anode,  and 
hence  the  one  attacked  by  the  acid  of  the 
solution  and  dissolved. 

Lost  Amperes. — ^In  a  shunt  dynamo,  that 
portion  of  the  current  which  flows  through 
the  coils  of  the  field  magnets  instead  of 
through  the  external  circuit.  For  ma- 
chines of  high  efficiency  the  lost  amperes 
are  but  a  small  fraction  of  the  total  cur- 
rent generated. 

Lost  Motion. — In  mechanics,  motion  in 
part  of  a  machine  producing  no  useful  re- 
sult, either  because  of  wear  in  the  bearings 
or  through  imperfect  mechanical  con- 
struction. 

Loudness. — ^The  intensity  of  a  soimd,  de- 
pending upon  the  energy  of  the  vibrations 
transmitted  to  the  ear. 

Loud  Speakinif  Telephone. — ^A  tele- 
phone in  which  the  conversation  is  heard 
m  the  receiver  with  unusual  loudness. 

Low  EAeieney  Lamp. — An  incandescent 
lamp  is  said  to  bum  with  a  low  efficiency 
when  it  consumes  more  than  33  or  35 
watts  per  candle  hour. 

Low  Frequeney. — A  comparatively  small 
number  of  complete  cycles  of  vibration 
performed  in  a  unit  of  time. 

Low  Frequeney  Transforaier* — A 

transformer    adapted    to    an    alternating 
circuit  of  low  frequency. 


ities  of  iron  varies  greatly  too  great  care 
cannot  be  exercised  in  its  selection.  Ewing 
has  succeeded  in  forcing  45,350  lines  of 
force  per  aquue  centimeter  viiough  a  eample  of 
Lowmoor  iron.  To  obtain  this  a  megnHiwing 
force  of  H  =  24,600  had  to  be  employed. 

The  Yorkshire  wroucht  irons  are  neai^  pure,  on 
account  of  the  care  taken  in  their  manufacture, 
tile  iron  being  r<t/Ened  as  well  as  jntddUd.  An 
additional  circumstance  contributing;  to  their  high 

?iuality  is  tile  entire  absence  of  sulphur  from  torn 
uel  uiied  in  the  operations.  Lowmoor  iron  is 
specified  wherever  a  piece  has  to  stand  much 
working  in  the  fire*  or  whereTer  absolute  sound- 
ness is  a  necessity. 


Low  Potential  Current. — A  current  hav- 
ing a  low  electromotive  force. 


Lowmoor  Iron* — ^A  very  good  oualitv  of 
iron  made  at  Lowmoor  in  Yorkshire. 
Since  the  permeability  of  different  qual- 


Lew  Potential  Syetem.— An  electric 
svstem  in  which  the  pressure  is  under 
three  hundred  volts. 

Low  Pressure  Cireuit. — ^A  circuit  em- 
ploying a  current  of  low  voltage. 

Low  Pressure  Cylinder. — ^The  largest 
cylinder  in  a  compound  or  triple  expan- 
sion engine;  the  measure  of  power  in  an 
engine,  to  which  all  the  pressures  are  re- 
ferred for  purposes  of  comparison. 

Low  Pressure  En§^e«— One  which 
condenses  its  steam  and  discharges  it  as 
water  in  distinction  &om  a  high  pressure 
engine  or  one  run  non  condensing. 

Low  Pressure  Ineandeseent  Lamp. — 

An  incandescent  lamp  adapted  to  a  low 
pressure  circuit,  and  having  a  short  and 
thick  filament  of  low  resistance. 

Low  Resistanee  Ma^^et. — A  magnet 
wound  with  short  coik  of  thick  wire,  of- 
fering low  resistance. 

Low  Speed  Motor. — An  electric  motor 
intended  for  low  speed  running. 

Low  Tension. — ^Low  electric  pressure. 

Low  Tension  Bus. — A  bus  bar  designed 
for  low  voltages. 

Low^  Tension  Electric  Fuse. — A  fuse 
for  exploding  a  charge  by  the  aid  of  an 
electric  current  of  low  pressure. 

Low  Tension  Insulator. — An  insulator 
employed  on  low  tension  electric  circuits. 
In  overhead  lines  it  is  usually  of  glass  or 
porcelain  with  one  or  more  bells  or  petti- 
coats to  prevent  leakage. 

Low  Tension  Switch. — A  switch  designed 
for  circuits  of  low  electric  pressure. 
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Low  V&emiiBu — ^An  enclosed  space  from 
which  the  air  or  gas  has  been  exhausted 
to  an  imperfect  degree,  so  that  a  greater 
or  leas  amount  of  residual  gas  remains. 

Lozodoffpaph* — ^An  electrical  instrument 
in  which  the  joint  action  of  magnetism  and 
photography  is  utilized  for  recording  the 

.  course  of  a  vessel  at  sea. 

Imbrieate. — To  make  two  surfaces  act 
smoothly  in  contact  with  each  other  by 
the  application  of  oil,  or  an  oilv  substance, 
for  the  purpose  of  diminishing  friction. 

Lubricant  on  Commutator* — In  most 
cases  it  will  be  foimd  that  a  little  lubri- 

i  cant  is  needed  on  the  commutator  in  order 
to  prevent  cutting  of  the  latter  by  the 
brushes,  and  this  is  especially  the  case 
when  hard  strip  brushes  are  used.  The 
quantity  of  oil  so  used  should  be  veiy  small,  a 
few  drops  smeared  upon  a  piece  of  clean  ract  and 
applied  to  the  commutator  while  running,  being 
quite  sufficient.  It  is  advisable  to  use  mineral 
oil,  such  as  vaseline,  or  any  other  hydrocarbon. 
Animal  or  vegetable  oils  should  be  avoided,  as 
they  have  a  tendency  to  carbonise,  and  thus 
cause  short  circuiting  of  the  commutator,  with 
attendant  sparking. 

Lubricating  OiL — 1.  Any  oil  used  for  the 
purpose  of  diminishing  friction. 

2.  Engine  oil  for  lubricating  external 
running  parts,  as  distinguished  from  that 
used  for  mternal  lubrication. 

3.  A  mineral  lubricant  obtained  dur- 
ing the  distillation  of  petroleum. 

Lubrication. — 1.  In  machinery,  to  cause 
to  slip  easily;  to  supply  to  moving  parts 
and  their  bearings,  grease,  oil  or  other 
lubricant,  for  the  purpose  of  lessening 
friction. 

2.  The  theory  of  lubrication  is  the 
interposition  of  a  film  of  unguent  betweec  the  two 
surfaces  which  are  supposed  to  rub  together  by 
reason  of  the  motion  of  one  of  them.  The  fric- 
tion of  the  surfaces  on  the  unguent  is  less  than 
their  friction  on  one  another,  so  that  lubrication 
lessens  friction,  saves  power  and  diminishes  the 
risk  of  damage,  wear  and  tear.  For  ftteam  cvlin- 
den,  air  oomprsssors,  etc.,  a  lubricant  with  a  nigh 
flash  point  or  temperature  of  decomposition,  and 
great  viscidity  is  needed,  (jualities  found  in  min- 
eral oils  only;  heavy  bearings  require  an  oil  with 
great  weight  and  body,  so  that  it  shall  not  be 
squeezed  out  by  the  pressure;  small  high  speed 
i»rts  require  a  thinner  oil.  These  latter  dual- 
ities are  provided  for  by  different  oompounos  of 
animal  and  vegetable  oib,  with  some  mmeral  ad- 
ditioDS. 

Lubricator. — A  device  used  for  holding  oil 
or  grease  and  supplving  it  in  regular 
amounts  to  a  journal  or  bearing.  The 
supply  is  fed  either  by  worsted  syphons, 
by  g^ugied  drips,  or  by  a  needle  which 


comes  im  from  the  shaft  through  the  neck 
of  the  lubricator  and  induces  feeding  by 
capillary  attraction  and  the  shaking  of  the 
needle.  Also  called  HgfU  feed  lubricator, 
grease  cup,  etc. 

Lullin's  Eneriment. — Two  peculiar  ef- 
fects were  observed  by  Lullin  when  a  piece 
of  cardboard  is  pierced  by  a  spark:  (a)  a 
slight  burr  is  raised  on  each  siae,  as  if  the 
hole  had  been  made  from  tlie  interior 
outwards;  (&)  if  the  two  electrodes  are  not 
exactly  opposite  each  other,  the  hole  is  found  to 
be  nearer  the  negative  point.  When  the  experi- 
ment is  tried  in  a  vacuum,  no  such  displacement 
of  the  hole  occurs. 

Lumber. — ^Timber  hewed  or  sawed  into 
convenient  shapes  for  use.  The  term 
conveys  the  idea  of  wood  dressed  into 
large  beams  or  joists  near  where  it  was 
felled. 

Lumen  Meter. — An  instrument  for  meas^ 
uring  illumination. 

Lumination. — An  abbreviated  form  pro- 
posed as  a  substitute  for  the  term  illumma- 
tion. 

Luminescence. — The  phenomenon,  ex- 
hibited by  certain  homes,  of  absorbing 
li^t  waves  and  then  emitting  again  a  suf- 
ficient portion  of  them  to  be  visible.  Lu- 
minescence has  two  manifestations,  fiuores- 
cence  and  phosphorescence. 

Luminescence  Lamp.  —  A  term  some- 
times applied  to  an  ^ray  lamp. 

Luminometer. — ^A  name  given  to  a  form 
of  photometer.  It  consists  of  a  box  with 
two  tubes  opening  into  it.  One  of  the 
tubes  admits  the  fight  while  the  observer 
looks  through  the  other  at  a  card  of  print- 
ed matter  illuminated  by  the  light  to  be 
measured.  The  distance  at  which  the 
card  can  be  read  is  that  which  determines 
the  illuminating  power  a£  the  lamp. 

Luminosity. — 1.  The  quality  of  being  lumi- 
nous or  light  giving. 

2.  As  applied  to  color  sensation,   the 
brightness  of  the  color. 

Luminous  Absorption. — ^The  absorption 
of  light  rays  by  a  body  through  which  they 
are  passing:  as  illustrated  by  the  effect 
upon  the  intensity  of  an  electric  light  by 
the  globe  of  the  lamp. 

Luminous  Arc  Lamp. — A  name  sometimes 
given  to  a  variety  of  arc  lamp  known  as  the 
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magnetite  arc  lamp.  The  lower  electrode 
is  composed  of  magnetite  or  a  similar  sub- 
stance powdered  and  compressed  into  a 
sheet  iron  tube.  The  upper  electrode  is  of 
copper  which  reduces  very  slowly.  The 
Ugnt  is  given  from  the  arc  itself  which  is 
nearly  20  mm.  (f  in.)  long.  Also  called 
flaming  arc  lamp, 

Lnminons  Effects  of  Spark. — When  a 
disruptive  discharge  takes  place,  the  spark 
is  usually  a  thin  orilliant  streak  of  light. 
If  metalUo  balls  be  used  as  sparking  elec- 
trodes the  distance  between  the  balls 
modifies  the  character  of  the  spark,  viz.: 
When  the  balls  are  close  togetiier  the  spark 
sppeara  as  a  single  thin  and  brilliant  line.  It  the 
distance  be  increased,  the  spark  takes  an  irregu- 
lar sigaas  form,  following  the  path  of  least  resist- 
ance. Tne  presence  of  minute  particles  of  dust 
or  other  matter  floating  in  the  air  causes  the 
sigsag  path.  The  lengui  of  a  spark  depends  upon 
the  electrical  and  atmospheric  pressures  and  the 
temperature  of  the  air  in  which  the  dischane 
takes  place.  The  brilliancy  of  the  spark  de- 
pends upon  the  quantity  of  current,  and  the  eolor 
varies  with  the  nature  of  the  metal  of  the  eleo- 
trodee  because  the  spark  tears  away  minute 
particles  of  the  metal  and  volatilises  them  in  its 
passage. 

Lnminovis  Efidency.— The  luminous  radi- 
ation of  a  source  of  ught  in  a  given  time 
considered  in  relation  to  the  total  radiant 
energy  of  that  source  in  that  time. 

Luminous  Flame. — ^That  which  burns  with 
a  bright  yellow  to  white  color.  All  flame 
under  a  boiler  is  not  luminous,  sometimes 
the  whole  or  a  part  of  it  will  be  red  or  blue. 

Lnminons  Flux. — A  flux  or  flow  of  light 
waves. 

Luminous  Flux  Unit. — A  unit  flux  of  light, 
being  that  flux  sent  by  a  source  of  unit  in- 
tensity through  a  unit  solid  angle;  the  lumen 
or  candle  lumen. 

Luminous  Frequencies.  —  In  waves  of 
radiant  energy,  frequencies  sufl^cient  to 
produce  light. 

Luminous  Intensity. — ^The  ratio  between 
the  quantity  of  light  radiated  and  the  sur- 
face area  of  a  luminous  source. 


Luminous  Interference. — ^The  interfer- 
ence of  Ught  waves  differing  in  phase,  so 
that  the  hght  imdergoes  a  change,  or  is 
extinguished. 

Luminous  Pane. — An  insulated  square  of 
glass  having  a  narrow  strip  of  tin  foil  fast- 
ened upon  it  in  parallel  or  zigzag  rows, 
on  which  spaces  are  cut  to  represent  any 
desired  pattern;  when  an  electric  dis- 
charge is  passed  through  the  foil  the 
design  becomes  reproduced  in  luminous 
flashes. 

Luminous  Radiation. — Radiation  capa- 
ble of  producing  the  sensation  of  light. 

Luminous  Radiator. — A  portable  heating 
device  consisting  of  a  metal  frame  with 
polished  copper  reflector  containing  from 
two  to  four  luminous  heating  units.  These 
units  are  similar  to  incandescent  lamps, 
being  cylindrical  chambers  of  frosted  glass 
contaimng  a  filament  which  emits  heat 
upon  the  passage  of  the  current. 

Lummer    Brodhun     Photometer.  —  A 

form  of  photometer  including  an  optical 
train  mounted  in  a  sight  box,  and  provided 
with  an  optical  device  for  viewmg  both 
sides  of  the  screen  at  once. 

Lunar  Inequality.— ^Slight  variations  of 
the  magnetic  declination  and  inclination  of 
a  magnetic  needle  due  to  the  effect  of  the 
moon  upon  the  earth's  magnetism. 

Lutes. — ^These  are  soft  adhesive  mixtures, 
principally  earthy,  used  for  closing  aper- 
tures existing  at  the  junction  of  different 
pieces  of  apparatus  used  for  melting;  the 
material  used  for  rendering  air  tight  those 
vessels  which  have  to  be  exposed  to  the 
heat  of  a  melting  furnace;  as,  crucibles, 
annealing  potSj  etc. 

Lux. — A  unit  of  photometric  measurement. 
It  is  the  intensity  of  illumination  produced 
by  a  lumen  at  one  meter  distance  from  the 
source  of  light;  plural,  luces. 


MagTt»<rytlaBie  Action. 


unit  pole. 

3.  Abbreviation  for  tnotfir, 
B  unit  of  lei^h. 

4.  Abbreviation  for  minute,  it  unit  of 

/^— The  Greek  letter  (mu)  eamepoading  to 
m,  used:  (1)  as  the  symbol  for  magnetic 
permeability,  (2)  as  the  nymbol  for  micron, 
a  unit  of  lengtl). 

t*M—Tbe  double  Greek  letter  (mu)  corre- 
aponding  to  m,  used  as  the  symbol  for 
bicron,  a  unit  of  length. 

m.  ».— Abbreviation  for  milli-unpere. 

M»eer»tloa. — The  prooess  of  softening  a 
substance  by  soaking  it  in  a  fluid,  uaually 
without  heat. 

Machine. — This  vord  is  moat  commonly 
applied  to  such  pieces  of  mechanism  as  are 
used  in  the  industrial  arts  for  mechanic- 
ally shaping,  dressing,  and  combining  mate- 
rials for  various  purposee;  machines  are 
frequently  named  from  their  use,  as,  aereir 
Gutting  mubinMp  or  from  the  thins  mndfl  or  noted 
upoa:  u.  machina  ruler;  annpotout  mschitua  on 
formiid  trom  two  or  mora  limpU  machine:  Teolt 
■n  the  simplat  iinplBmenla  of  *rt;  tbna  when 
they  become  eompGiatod  ia  their  itniiiture  be- 


H»elilii*  Bolt. — A  bolt  screwed  at  one 
end,  with  a  head  on  the  other,  used  to 
secure  two  pieces  together,  passing  through 
clearance  holes  in  both,  and  fastened  with 
a  nut  on  the  far  side.  The  head  of  a  ma- 
chine bolt  is  generally  square  or  hexagon, 
although  round,  snap,  countersunk,  or  other 
heads  are  used  for  special  purposes. 

K»chtne  Ser«w. — A  fine  threaded  screw 
used  to  oonnect  parte  of  machinery  to- 
gether, havina  a  bolt  thread  such  as  the  V 
w  U.  S.  standard,  as  distinguished  from  a 


vood  aerOD.     The 

screw  usually  pasises  through 
a  clearance  hole  in  one  piece 
to  secure  it  to  another  which 
has  a  threaded  hole. 
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— Aut<Mnatie  teleg- 
machine 


._^..  »■•. — A  safety  fuse  provided 

with  duplicate  fuses  in  reserve,  so  that 
when  one  becomes  burned  out,  a  new  fuse 
may  readily  be  substituted. 

Tfwg*'w""'"i — An  alloy  of  aluminum  and 
magnesium  with  90-98%  aluminum.  It 
is  tued  largely  in  Europe  for  engine  parts, 
scientific  instruments,  telephone  and  tele- 
graph apparatus,  etc.  it  has  greater 
strength  and  lower  unit  weight  than  pure 
aluminum,  and  ite  electric  and  heat  con- 
ductivity IB  56%  of  pure  copper. 
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crystalline  bodies  under  the  influence  of 
magnetic  force,  such  that  the  magnetism 
varies  according  to  the  axes  of  crystal- 
lisation. He  found,  in  experimenting  with  a 
eiystal  of  bismuth,  that  it  tended  to  point  with 
its  axis  of  ciystalHsation  along  the  lines  of  the 
field  axiaUy. 

Pificker  endeavored  to  oonneot  the  msgne- 
eiystallic  action  of  crystals  with  their  optical  be- 
havior. In  bodies,  which  like  slate,  have  cleav- 
age, the  planes  of  cleavage  are  usually  at  right 
ani^  to  the  magne-orystallic  axis. 

Vrntgnm-erymtedkie  Foree* — A  name  given 
by  Faraday  to  the  magnetic  force  acting 
iroon  crystals  according  to  the  character 
<M  their  structure. 

HMB«-«leetrie  Induetloii* — ^A  Variety 
oiinduction  producing  electric  currents  by 
the  movement  past  each  other  of  a  con- 
ductor and  a  permanent  magnet. 

Magniesia* — ^The  oxide  of  magnesium.  A 
light  white  powder  with  a  slight  alkaline 
reaction.  It  is  nearly  insoluble  in  water 
and  melts  only  at  the  temperature  of  the 
dectrie  furnace.  It  is  therefore  used  for 
crucibles  and  furnaces  for  high  tempera- 
ture processes. 

HMpnet. — ^A  body  possessing  the  property 
oiattracting  to  itself  particles  of  u*on.  A 
natural  magnet  is  a  piece  of  ma^etite  or 
magnetic  oxide  of  iron  which  will  attract 
other  iron,  will  repel  or  attract  similar 
magnets  according  to  their  relative  posi- 
tions, and  when  suspended  so  ss  to  be  free  to  turn 
will  set  itself  in  a  definite  direction  with  respect 
to  the  earth's  magnetic  poles.  An  artificial  mag- 
net is  a  piece  of  iron  or  steel  which  has  acquired 
magnetie  properties.  An  electromagnet  is  a  piece 
of  iron  which  has  been  magnetised  by  an  electric 
current  passing  through  a  wire  ooiled  about  the 
iron.  A  polarised  electromagnet  is  one  whose 
core  Is  a  permanent  magnet.  Such  magnets  are 
used  in  duplex  telegraphy.  The  armature  of  thui 
magnet  is  released  only  by  a  current  in  a  fixed 
direction. 

K»|^et  CoiL — ^A  eonductinff  coil  of  insu- 
lated wire  wound  around  the  core  of  an 
electromagnet;  a  eolenoid, 

Mmgnmt  Core. — The  bar  of  iron  or  steel 
about  which  a  magnet  coil  is  wound  to 
form  an  electromagnet. 

K»l^etle« — ^Rekting  to  a  magnet,  or  mag- 
netism. 

K»l^etie  Adherenee* — ^The  tendency  of 
iron  to  cling  to  a  magnet;  and  of  unlike 
poles  of  two  magnets  in  contact  to  adhere 
to  each  other. 


Kaipiietie  iElotrop^. — ^The  quality  of  a 
mass  of  iron  by  which  it  shows  different 
susceptibilities  to  magnetism  in  different 
directions. 

Ma^etie  Air  Cirenit. — ^A  magnetic  cir- 
cuit completed  across  an  air  gap. 

Magnetie  Attraction. — ^The  attraction 
exerted  by  opposite  magnetic  poles  upon 
each  other. 

Mairnetie  Austral  Fluid. — ^The  imagi- 
nary fluid  formerly  supposed  to  exist  at  the 
south  pole  of  a  magnet. 

Maornetie  Axis. — A  line  joining  the  two 
poles  of  a  magnet  or  magnetic  needle. 

Majgrnetie  Battery. — ^A  magnet  made  up 
oFa  number  of  magnets  joined  by  their 
similar  poles;  a  compound  magnet. 

Mair>^etie  Bearing. — ^The  angle  formed 
by  a  line  drawn  to  an  object  from  the  eye 
of  an  observer,  and  the  line  of  the  mag- 
netic meridian  in  which  the  observer  stands. 

Hapietie  Bearing  Compass. — An 

instrument    for    observing  the   magnetic 
bearing  of  a  place. 

Manetie  Beltipif. — A  type  of  machinery 
belting  having  iron  strips  inserted  at  in- 
tervals in  its  length,  so  that,  in  passing  over 
a  magnetized  pulley,  the  grip  on  the  pulley 
is  strengthened. 

Magnetie  Blow  Out. — 1.  A  device  by 
means  of  which  an  arc  accidentally  arising 
in  the  parts  of  an  electrical  instrument  may 
be  extinguished  by  the  action  of  an  electro- 
magnet. 

2.  A  strong  electromagnet  provided  in  the  con- 
troller of  an  electric  car  to  blow  out  the  arcs  and 
sparks  arising  from  the  frequent  disconnections 
made  with  the  controller,  thereby  prevenUng  the 
destruction  of  the  contacts  and  brushes. 

Mas^etio  Blow  Oat  Li^htninff 
Arrester. — ^A  form  of  lightnmg  arrester 
employing  an  electromagnet  for  extin- 
guishing the  arc  of  the  discharge. 

Ma^etic  Boreal  Fluid. — The  imaginary 
flmd  formerly  supposed  to  exist  at  the 
north  pole  of  a  magnet. 

Magnetic  Bridge. — An  instrument  for 
measuring  the  resistance  offered  by  an  iron 
core  to  the  passage  of  magnetism. 
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Mai^etie  Cas^« — ^Ma^etic  force  does  not 
act  across  a  screen  of  iron  or  other  mag- 
netic material  if  sufficiently  thick.  Hence, 
if  a  magnet  be  placed  inside  a  hollow  iron 
ball,  no  outside  magnet  will  affect  it  on 
account  of  the  magnetic  lines  of  force  being 

conducted  off  through  the  iron  sphere  instead  oi 
penetrating  it.  A  shell  of  iron  will  isolate  the 
inside  space  from  external  magnetic  influences 
and  is  tnerefore  called  a  maonetU  cage, 

M»ifnetie   Chart* — A   map   upon  which 

-foes  are  drawn  connecting  different  points 

■  apon  the  earth's  surface  having  the  same 

'magnetic  conditions.    These  lines  niav  be 

isogonic  lines  connecting  places  which  have 

the    same   declination,    or   isodinic   lines 

>  fining  points  of  the  same  inclination  or 

dip. 

Kai^etle  Oircnit. — ^The  path  of  magnetic 
flux  in  a  magnetic  substance  or  in  electric 
or  magnetic  apparatus.  The  greater  part 
of  such  a  circuit  is  usually  in  magnetic 
material,  but  there  are  often  one  or  more 
air  gaps  included.  The  magneto-motive 
force  may  be  supplied  by  coils  of  wire  carrying 
electric  current  or  by  pennanent  steel  magnets. 
The  law  of  the  magnetic  circuit  is  as  follows: 

M 

in  which,  N  is  the  magnetic  flux,  M,  the  magneto- 
motive force  and  Z,  the  reluctance. 

Mafi^etie  Circuit  Breaker. — A  device 
for  opening  a  circuit  by  the  action  of  an 
electromaffaet. 

Magrnetic  Circuit  Closer. — ^A  device  for 
closing  a  circuit  by  the  action  of  an  electro- 
magnet. 

Kai^etie  Closed  Circuit. — ^A  magnetic 
circuit  composed  of  iron  throughout. 

Mae^etic  Clutch. — ^A  clutch  operated  by 
an  electromagnet  for  obtaining  a  grip  upon 
any  moving  part  of  an  apparatus. 

Mae^etic  Coercii^e  Force. — ^The  reverse 
magnetizing  force  necessary  to  completely 
remove  the  residual  magnetism  from  a 
substance  that  has  been  magnetized.  The 
better  the  quality  of  the  iron  the  less  the 
remaining  magnetism  and  hence  the  less 
coercive  force  required. 

Mafi^etic  Compensator. — ^A  magnetic 
device  for  overcoming  the  influence  of 
local  attraction  upon  the  needle  of  a  ship's 
compass. 

Kai^etic  Concentration* — ^A  process  of 
separating  the  iron  from  the  gangue,  or 


foreign  matter  in  iron  ore,  by  the  use  of 
a  powerful  electromagnet  in  a  machine 
called  an  electromagnetic  separator. 

Mae^etic   Conduction  Current. — ^The 

rate  of  flow  of  magnetism  through  a  mag- 
netized body. 

Ma^etie  Connection. — A  connection 
existing  between  two  magnetic  circuits 
when  there  is  an  intermingling  of  magnetic 
flux. 

MMuetic  Control  of  Galvanometer 

Needle. — ^The  adjustment  of  the  directive 
tendency  of  a  galvanometer  needle  by  the 
use  of  a  controlling  or  compeoeating  mag- 
net. 

Magnetic  Couple. — A  pair  of  equal  and 
opposite  forces  which  act  upon  a  magnetic 
needle  so  as  to  bring  it  into  the  earth's 
magnetic  meridian. 

Magnetic  Creeping. — ^A  gradual  increase 
in  magnetism  which  proceeds  in  a  body 
under  constant  magnetizing  force;  viscous 
hysteresis;  sometimes  called  Hme  hysterens. 

Magnetic  Cross  Flux. — ^A  magnetic  flux 
in  a  transformer  opposing  the  usual  flux, 
and  causing  magnetic  loss. 

Magnetic  Current. — A  term  used  to 
express  the  flow  of  magnetism  along  the 
surface  of  a  magnetized  body. 

Magnetic  Curves. — Curved  lines  repre- 
senting the  direction  of  the  magnetic  force, 
shown  by  the  self  arrangement  of  iron  fil- 
ings when  sprinkled  upon  a  piece  of  paper 
or  glass  which  is  gently  jarred  by  tappmg 
while  held  in  a  magnetic  field;  magnetic 
figures. 

Magruetic  Curve  Tracer. — ^An  instru- 
ment for  tracing  the  characteristic  curve 
representing  the  varying  magnetic  inten- 
sity of  a  mass  of  iron  under  varying  al- 
ternations of  the  magnetizing  current. 

Magnetic  Declination. — The  angle  be- 
tween the  magnetic  meridian  of  a  place 
upon  the  earth's  surface  as  indicated  by  the 
compass  needle,  and  the  geographic  meri- 
dian of  that  place.  Tlus  difference  is 
due  to  the  fact  that  the  magnetic  pole  to 
which  the  needle  points  does  not  coincide 
with  the  earth's  geographic  north  pole. 

Magnetic  Deep  Sea  Thermometer. — 

A  thermometer  for  ascertaining  deep  water 
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temperatures,    employing    a    magnet    for 
resetting  the  registering  markers. 

Murnetic  Density. — The  number  of  lines 
ofmagnetic  force  passing  through  a  magnet 
or  magnetic  field  per  imit  area  of  cross 
section. 

Magnetic  Detector. — ^In  wireless  teleg- 
raphy, a  variety  of  receiving  instrument 
for  detecting  the  arrival  of  electromag- 
netic waves,  based  upon  the  principle  that 
rapidly  alternating  currents  permanently 
modify  the  magnetization  of  a  magnetized 
steel  bar. 

Ka^netio  Deviatioii. — Variation  of  the 
magnetic  needle  due  to  special  local  con- 
ditions other  than  the  true  magnetic  vari- 
ation of  the  place,  shown  when  iron  is 
present  in  the  vicinity  of  the  needle,  es- 
pecially on  shipboard. 

Magnetic  DiflVision. — A  leakage  of  mag- 
netic flux  that  often  takes  place  along 
paths  that  strav  from  the  main  magnetic 
circuit  and  are  lost.  Some  of  this  leakage 
takes  place  through  the  air,  and  it  is  this 
that  anects  watch  springs  in  the  neighbor- 
hood of  electric  generators. 

M»i^etic  Dip. — The  same  as  magnetic 
inclination, 

Ma^^etic  Discontinuity. — A  break  in 
the  continuity  of  a  magnetic  circuit. 

Magnetic  Dissymmetrjr. — The  condi- 
tion of  a  magnetic  circuit  in  which  tbe 
magnetic  flux  is  not  uniform. 

Magnetic  Disturbance.— Slight  irregular 
variations  of  the  magnetic  needle,  such  as 
the  disturbance  due  to  a  "  magnetic  storm. " 

Magnetic  Divininir  Rod. — A  name  given 
to  a  dipping  needle  used  to  reveal  the 
presence  of  iron  ore  in  the  ground. 

Mafi^etie  EflnTium. — A  name  given  by 
the  earliest  investigators  of  magnetic  pro- 
perties to  the  phenomenon  now  known  as 
magnetic  flux,  or  lines  of  force, 

Majg^etic  Elements. — ^The  characteristics 
ofthe  terrestrial  magnetism  at  any  point 
on  the  earth's  surface,  as  shown  by  the 
effect  on  the  magnetic  needle:  the^  are, 
ri)  intensit^r,  (2)  declination  or  variation, 
(3)  inclination  or  dip. 


Mai^etie   Equaliser. — An   arrangementrA^ 
by  which  the  force  of  an  electromagnetfl; 
wnich  varies  in  intensity  through  its  range  I 
of  operation  in  any  mechanism,  may  be 
made  uniform  throughout. 


Magnetic  Equator. — 1.  A  line  joining  all 
the  places  on  the  earth's  surface  where 
there  is  no  inclination  or  dip,  that  is,  where 
the  magnetic  needle  is  qiute  horizontal;  a 
line  midway  between  the  magnetic  poles; 
the  aclinic  line. 

2.    The  section  of  a  magnet  half-way 
between  its  poles. 

Magnetic  Explorer. — An  exploring  coil 
connected  with  a  galvanometer  for  the  pur- 
pose of  investigating  an  electromagnetic 
circuit  in  order  to  detect  magnetic  leakage, 
etc. 

Mae^netic  Fatigue. — A  term  applied  to 
the  waste  of  magnetic  power  in  iron  by 
hysteresis  after  repeated  cycles  of  mag- 
netization. 

Mafi^etic  Fatigue  of  Transformer 
Core. — A  waste  of  power  by  hysteresis  in 
the  iron  core  of  an  alternating  current 
transformer  due  to  repeated  cycles  of  mag- 
netization; aging  of  a  transformer  core. 

Mapketic  Field. — The  region,  surrounding 
a  magnet,  through  which  magnetic  forces 
act;  the  space  around  the  magnet  in  which 
the  comfmss  needle  or  other  detector  of 
magnetism  will  be  affected.  The  magnetic 
field  is  said  to  be  comprised  of  lines  of 
force.  It  is  most  intense  near  the  poles  of  the 
magnet  and  as  the  distance  from  the  magnet  is 
increased,  these  lines  of  force  become  wealur  and 
weaker,  until  they  finally  disappear. 


Mae^netie    Fibres. — A    term    used 
denote  magnetic  curves. 


to 


Mae^etic  Filament. — One  of  the  chains 
or  threads  of  polarized  magnetic  mole- 
cules conceived  to  exist  in  a  magnetized 
substance. 

Ma^^etic  Flo^nr. — A  term  sometimes  used 
for  magnetic  flux. 

Mafi^etic  Fluids. — The  imaginary  fluids, 
supposed,  in  the  early  history  of  the  study 
of  magnetism,  to  account  for  the  various 
magnetic  phenomena. 

Mas^etic  Flux. — ^The  average  field  inten- 
sity of  a  magnet  multiplied  by  its  area;  its 
umt  is  the  maxwell. 


Magnetic  Flux  Density  or  Intensity, 
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Magnetic  Leakage  Factor. 


MMRietie  Floz  Denoity  or  Intemity. 

— Oi'he  total  lines  of  magnetic  force  passing 
through  a  magnet  or  magnetic  field  per 
unit  area  of  cross  section;  magnetic  density. 

Ka^netie  Flux  Paths, — Paths  followed 
by  magnetic  flux. 

M&g^etie  Foci. — Points  on  the  earth's 
surface,  in  the  vicinity  of  the  magnetic 
poles,  where  the  earth's  magnetic  force  is 
greatest. 

M&g^etie  Force* — The  force  by  which 
attraction  and  repulsion  is  exerted  by  the 
poles  of  a  magnet. 

Ma^^etie  Friction. — ^A  term  sometimes 
applied  to  hysteresis. 

Mametie  Oeariii«« — ^F  r  i  o  t  i  o  n  gear  in 
wmch  wheels  are  drawn  together  by  mag- 
netic adherence. 

JtLmgpietie  Generator. — A  term  some- 
times applied  to  a  magneto,  a  machine 
for  generating  electricity  by  use  of  per- 
manent magnets  instead  of  electromag- 
nets; a  magneto-generator. 

Mai^etic  Helix. — A  solenoid,  or  conduct- 
ing coil  of  insulated  wire  wound  around 
the  core  of  an  electromagnet;  a  magnetic 
coil. 

Magnetic  Hysteresis. — ^The  tendency  of 
a  magnetic  substance  to  persist  in  anv 
magnetic  state  that  it  may  nave  acquired. 
It  is  a  kind  of  friction  between  the  mole- 
cules of  iron  which  causes  magnetism  to 
lag  behind  the  magnetizing  force. 

Magnetic  Impermeability. — ^The  resist- 
ance offered  b}r  a  magnetic  circuit  to  the 
flow  of  magnetism;  magnetic  relttctance. 

Mtkgpketie  Inclination. — The  inclination 
or  dip  of  the  magnetic  needle.  The  angle 
which  the  needle  makes  with  the  horizontal 
when  it  is  free  to  move  in  a  vertical  plane. 
The  inclination  varies  at  different  parts  of 
the  earth's  surface  and  also  changes  from 
year  to  year.  At  the  north  magnetic  pole 
the  needle  would  dip  straight  down. 

Kai^etie  Induction. — The  communica- 
tion of  magnetism  to  iron  by  the  mere  pre- 
sence of  a  magnet  without  actual  contact, 
an  action  similar  to  electrostatic  induction. 
If  a  short  thin  unmagnetized  bar  of  iron 
be  placed  near  some  iron  filings,  and  a 


masnet  be  biou^t  uemt  the  ber,  magnetina  wxU 
be  mduoed  in  the  bar  bv  the  pTeaonoe  of  the  mac- 
net.  It  will  be  foimd  that  the  iron  fa«r  thus  mac- 
netiaed  haa  two  poles:  Uie  pole  nearest  the  pow 
of  the  majgpet  bemg  ot  the  opposite  Und  and  the 
pole  at  this  further  end  of  the  bar  being  of  the 
same  land. 

Kai^etio  Indnetive  Capaeit  j, — ^A 

term  sometimes  applied  to  permeability 
which  is  the  ratio  between  the  number  of 
lines  of  magnetic  force  per  unit  area  run- 
ning through  a  magnetizable  substance 
and  the  magnetizing  force  applied  to  the 
substance. 

Mafi^etie  Inertia. — ^Tfae  quality  of  a 
magnetiQ  substance  which  causes  it  to 
acquire  and  part  with  magnetism  slowly. 

Mafi^etie  Intensitjr. — ^The  amount  of  the 
earth's  magnetic  force  at  anv  place;  in 
the  northern  hemisphere  it  is  the  resultant 
of  two  component  forces  at  right  angles  to 
each  other,  one  acting  in  a  vertical  direc- 
tion tending  to  depress  the  north  seeking 
pole  of  a  magnetic  needle,  and  the  other 
acting  in  a  horizontal  direction  compelling 
the  needle  to  point  to  the  magnetic  north. 

Mapketie  Iron  Ore. — ^A  native  oxide  of 
iron,  possessing  the  property  of  attracting 
iron  fragments.  Wnen  crystallized  it  is 
known  as  lodestone.  The  ore  Is  found 
largely  in  Arkansas,  Spain,  Sweden  and 
ot^r  parts  of  the  wond,  though  not  al- 
wayB  in  the  magnetic  condition.  It  some- 
times occurs  in  crystals  having  an  octa- 
hedron form.  Magnetio  oxide  of  iron  is 
also  called  magnetite. 

Mai^etie  Joint. — ^A  joint  uniting  two 
portions  of  a  magnetic  circuit. 

Mae^etie  If|ihi[« — The  tendency  of  induced 
magnetism  in  iron  and  steel  to  lag  behind 
the  magnetizing  force  which  produces  it; 
also  called  magnetic  inertia  and  magnetic 
viscosity. 

Has^etie  I^mg  Motor. — ^A  motor  that 
derives  its  torque  from  magnetic  lag. 

Mae^etie  Latitude. — Latitude  on  the 
earth's  surface  considered  with  reference 
to  the  magnetic  equator. 

Mae^etic  lioakaM. — ^In  a  dynamo,  stray 
lines  of  magnetic  force  which  leak  around 
the  armature  instead  of  passing  through  it. 

Magnetio  LeakaM  Factor. — In  a  dy- 
namo, the  ratio  ofthe  total  magnetic  flux 


Magnetic  Lightning  Arrester. 
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generated  to  the  useful  flux  entering  the 
annature. 

Mae^etie  lAgjhtwtnat  Arrester*—- A 

magnetic  blowout  ligntning  arrester. 

H»|pietie  Liaibs. — ^The  parts  of  a  magnet 
core;  the  legs  of  an  electromagnet. 

Kai^etle  Limit. — ^The  highest  tempera- 
ture to  which  a  magnetized  substance  can 
be  heated  without  losing  its  magnetism. 

MMnetie  Line  Proteetor. — ^A  device 
including  an  electromagnet  for  protecting 
electrical  apparatus  connected  with  an 
overhead  line  from  injury  by  lightning. 

Mae^etie  Lines  of  Foree* — Certain  lines 
or  directions  in  which  magnetic  induction 
takes  place  through  a  magnetic  substance. 

M&g^etie  M»ps« — Charts  on  which  all 
places  having  the  same  declination  are 
loined  by  a  line  called  an  ieoganic  line;  the 
line  passing  through  places  of  no  declina- 
tion IS  called  an  agantc  line. 

MmgnBtUi  MaMu — ^A  term  applied  to  the 
'    quantity  of  magnetism  residing  at  the  pole 
of  a  magnet. 

Mae^etie  Meridian. — ^A  great  circle 
assumed  to  pass  over  the  earth's  surface 
through  the  magnetic  axis  determined  by 
a  magnetic  needle  at  rest. 

Hai^etie  Metals. — ^The  following  metals 
in  addition  to  iron  are  recognized  as  mag- 
netic: nickel,  cobalt,  chromium  and  cerium. 
With  respect  to  magnetic  properties,  only 
cobalt  and  nickel  are  comparable  with  iron, 
in  fact  they  all  are  inferior. 

Maqpetic  Metal  Separator. — 1.  A  ma- 
chine employed  in  sorting  out  iron  parti- 
cles from  brass  turnings  and  filings  by 
means  of  magnetic  attraction.  The  turn- 
ings are  fed  into  the  machine  and  pass  be- 
tween rolls  armed  with  magnets,  and  iron 
or  steel  fragments  adherinc  to  the  latter  are 
swept  off  into  receptacles  oy  brushes,  against 
which  the  magnets  revolve,  while  the  brass  falls 
straight  through. 

2.  A  similar  device  which  has  been  employed 
to  separate  iron  from  finely  pulverised  ore. 

Ma^^etio  Molecule. — A  molecular  magnet, 
that  is,  a  molecule  of  a  piece  of  magnetized 
iron  or  steel  considered  as  a  diminutive 
magnet. 


Magnetic  Permeability, 


Maipnetie  Moaient. — ^As  applied  to  a  uni- 
form bar  magnet,  the  product  of  the 
strength  of  one  of  its  poles  by  the  distance 
between  the  poles. 

Magpnetie  Needle«»-A  small  slender  steel 
magnet  mounted  on  a  pivot  or  suspended 
by  a  thread,  so  as  to  be  free  to  move  in  one 
or  more  planes.  It  naturally  takes  a  posi- 
tion pointing  north  and  south  in  the  direc- 
tion of  the  earth's  magnetic  poles. 

Magpnetic  North.»-The  direction  indicated 
by  the  north  pole  of  a  magnetic  needle 
when  free  to  turn  upon  its  axis. 

Magraetic  Obserratory. — ^A  place  for 
observing  and  recording  variations  of  the 
earth's  magnetism. 

Magpaetic  Oscillations.— O  8  c  i  1 1  a  t  i  o  n  8 
Derformed  by  a  magnetic  needle  after  de- 
nection  before  coming  to  a  state  of  rest. 

Magnetic  Output. — ^In  a  magnetic  circuit, 
the  product  of  the  magnetizing  force  by  the 
magnetic  flux. 

Magnetic  Paradox. — ^A  peculiar  effect 
produced  by  placing  the  north  pole  of  a 
strong  magnet  at  some  distance  from  the 
north  pole  of  a  weak  magnet.    The  north 

Sole  of  the  weak  magnet  will  be  repelled, 
ut  will  be  attracted  when  the  strong 
magnet  is  brought  quite  near.  The  reason  for 
tlus  is  that  the  magnetism  induced  in  ^e  wenk 
mamet  will  be  of  the  opposite  kind  and  the  pole 
of  Hie  magnet  will  be  attimeted.  When  the 
strong  magnet  is  quite  close  to  the  weak  one.  the 
induced  magnetism  may  overpower  and  mask  the 
original  magnetism  of  the  weak  magnet. 

Mm,gneiie  Parallels. — ^A  term  sometimes 
applied  to  the  ieodinic  lineSf  the  lines 
drawn  upon  a  map  joining  places  which 
have  the  same  magnetic  inclination  or  dip. 

Magnetic  Permeabilitjr. — The  relative 
ease  with  which  a  body  conducts  lines  of 
ma^etic  force;  the  ratio  between  the  mag- 
netizing force  and  the  magnetic  induction; 
the  coefficient  of  magnetic  induction. 
Permeability  is  the  conductivity  for  mag- 

netio  lines  of  force.  In  other  words,  it  is  a 
measure  of  the  ease  with  which  magnetism  passes 
through  any  substance.  The  permeabilitjr  of 
good  soft  wrought  iron  Is  sometimes  3000  times 
that  of  air,  var^ng  with  the  quality  of  the  iron. 
The  ma^etic  permeabili^  decreases  as  the 
magnetisation  increases,  ^^'nen  a  piece  of  iron 
has  been  magnetised  up  to  a  certain  intensity  its 
substance  shows  a  tendency  to  reach  magnetic 
saturation.  In  good  iron  thii  is  reached  at  about 
125,000  lines  of  loroe  to  the  square  inch  of  area 
of  cross  section. 


Magnetic  Permeance, 
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Magnetic  Retardation, 


M»i^etle  Perme&iiee*— A  measure  of 
the  flux  which  will  be  produced  in  a  mag- 
netic circuit  by  a  gpiven  magneto-motive 
force.  It  is  the  reciprocal  of  reluctance. 
A  circuit  with  unit  permeance  will  require 
unit  m.  m.  f .  to  produce  unit  flux. 

Ma§^etie  Permeation. — ^The  passing  of 
lines  of  magnetic  force  through  a  body. 

Mae^etie  Pertorbatioiuu — ^Unusual  dis^ 
turbances  in  the  earth's  magnetism. 

Mai^netie  Plagf. — In  an  automobile  motor, 
a  make  and  break  spark  plus  in  which  the 
terminals  are  separated  by  the  action  of  a 
magnet  within  the  plug. 

Magpetie  Points  of  Convers^noe. — 

Pomts  on  the  earth's  surface  connected  by 
the  isogonic  lines. 

Mafi^etie  Polar  Area* — ^The  portions  of 
a  magnet  at  or  near  the  poles  throu^ 
which  magnetic  forces  act. 

Mapketie  Polar  Inteasltjr* — The 

strength  of  the  magnetic  flux  at  the  poles 
of  a  magnet. 

Mafi^etie  Polarity. — That  property  of  a 
magnet  in  virtue  of  which  it  mvariably 
possesses  two  poles. 

Magnetic  Polarisation. — ^A  condition 
attributed  to  the  molecules  of  a  magnetic 
substance  to  account  for  the  nature  of 
magnetism. 

Mai^etic  Polar  Surface. — The  parts  of 
a  magnet  at  or  near  its  poles. 

Magnetic  Poles. — 1.  The  ends  of  a  mag- 
net, where  the  attractive  force  is  greatest. 
In  a  bar  magnet  that  end  which  tends  to 
point  north  is  called  the  north  or  positive 
pole,  and  the  other  the  south  or  negative 

pole. 

2.  Those  points  on  the  earth's  surface,  in  the 
neighborhooa  of  the  geographic  poles,  where  the 
dipping  needle  would  stand  vertical. 

3.  A  unit  magnetic  pole  is  one  of  such  a  strength 
that,  when  at  a  distance  of  ono  centimeter  from  a 
similar  pole  of  equal  strength,  it  will  repel  it  with 
a  force  of  one  dyne.  The  relation  between  mag* 
netic  poles  may  be  expressed  by  the  equation: 

-  _  mX.  m} 

'"■       d» 

in  which  /  is  the  force  in  d}rne0t  m  and  m}  the 
strengths  of  the  two  poles,  and  d*  the  distanoe 
between  them  in  centimeters. 

Ma^oetie  PotentiaL — ^A  conception 
applied  to  magnetism  similar  to  electrical 


potential  in  electricity;  the  work  which 
must  be  done  to  bring  a  unit  north  seeking 
pole  from  an  infinite  distance  up  to  a  given 
point. 

Mag^etie  Pressure. — ^A  force,  analogous 
to  electric  pressure,  which  produces  mag- 
netic flux;  magnetomotive  force, 

Kai^etie  Proof  Piece. — ^A  bar  ci  iron 
employed  for  testing  the  strength  and  dis- 
tribution of  magnetism  in  a  magnet. 

Mae^etie  Proof  Plane* — ^A  small  explor- 
ing coil  joined  in  circuit  with  a  sensitive 
galvanometer  for  the  purpose  of  indicating 
the  number  and  direction  of  the  lines  of 
force  in  a  magnetic  field. 

Maifnetio  Reactance. — ^Reactance  occur- 
ring in  an  electromagnetic  coil. 

Mafl^netic  Belnciance. — ^The  resistance 
against  the  passage  of  magnetic  lines  of 
force  offered  oy  the  mass  of  a  material.  It 
is  proportional  to  the  length  of  the  material, 
and  inversely  proportional  to  the  area  of 
the  cross  section  and  the  permeability. 

Kai^etic  BelnctiTity. — Specific  mag- 
netic resistance  or  reluctance;^  the  magnetic 
resistance  offered  by  a  unit  cube  of  a 
medium;  being  the  reciprocal  of  magnetic 
permeability. 

Magnetic  Remanence. — ^The  power  in  a 
substance  which  resists  magnetization  and 
demagnetization,  such  that  when  the  mag- 
netizing influence  is  withdrawn  the  sub- 
stance will  retain  a  certain  amount  of 
Twidual  magnetism;  maqnetic  reterUivUiy, 

Mapketic  Repulsion. — ^The  repulsion 
exerted  by  like  magnetic  poles  against  each 
other. 

Haspaetie  Resistance* — A  term  used  to 
designate  magnetic  reluctance.  It  is  the 
opposition  which  a  medium  offers  to  the 
passage  of  magnetic  lines  of  force  through 
it,  i.  e.,  the  conductibility  of  magnetic  lines 
of  force.  It  is  the  reciprocal  oT  magnetic 
permeability. 

Ma^ruetic  Resistivity. — ^The  specific  re- 
sistance of  a  substance  to  magnetism,  con- 
sidered as  the  resistance  of  a  centimeter 
cube  of  that  substance. 

Magnetic  Retardation* — ^A  retardation 
in  the  process  of  magnetizing  shown  by  iron 
and  steel;  magnetic  inertia  or  lag. 


MagneHe  RetenHvensaa,  or  RetenHvUy. 
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Magnetic  SusceptibUUy. 


Mmgnmtie  tLmtmaUwrnumam,  or  Retaa- 

tiTltir*— The  same  as  magnetic  remanence. 

lla«^«tle  Riaffsr* — ^An  eleotnmiaiQietic 
eafibelL 

H»|pi«tie0. — A  name  sometimeB  given  to 
that  branch  of  physics  which  treats  of 
tnognttutn, 

Mmgneiie  8»tiir»iion« — ^The  state  of  a 
magnet  which  has  reached  the  highest 
degree  of  magnetization  to  which  it  can 
attain.  A  magnet,  just  after  being  mag- 
netised, will  appear  to  have  a  higher  degree 
of  magnetism  than  it  is  able  to  retain  per- 
manently: that  is,  H  will  appear  to  be  miper- 
■aturated,  since  it  will  support  a  neater  weight 
immediately  after  being  magnetbea  than  it  will 
do  after  its  aimatuie  has  been  onoe  removed. 

life  Sereen. — ^A  hollow  box  or  case 
soft  iron  surrounding  a  body  for  the  pur- 
pose of  protecting  it  from  the  influence  of 
an  external  magnetic  field,  used  for  ex- 
ample, to  prevent  a  watch  from  becoming 
magnetized,  or  for  protecting  the  needle  of 
a  marine  galvanometer  from  the  influence 
of  the  earth's  magnetism;  a  tnagnetic  shield, 

M»|pietie  Sereemiiiff. — Surrounding  a 
body  by  a  thick  shield  or  screen  of  iron  in 
order  to  protect  it  from  the  influence  of  an 
external  magnetic  field. 

KMiiotle  Self-iBdaetioii*~The  tendency 
oi  a  magnet  to  weaken  its  magnetism  by 
inducing  opposite  polarity  in  its  molecules. 

Mag^etie  Sense. — A  supposed  special 
sense  by  which  the  influences  of  magnetism 
are  perceived. 

K»i^etie  Separator. — ^A  machine  con- 
sisting of  a  magnetized  iron  cylinder  or 
drum,  for  separating  magnetic  substances 
like  iron  ore  or  iron  filings  and  chips  from 
mixtures,  by  causing  them  to  adhere  while 
the  waste  particles  fitU  away. 

Kaipnetie  Shells.— The  thin  sheets  in 
lamellar  distribution  of  magnetism,  made 
up  of  magnetic  particles  so  arranged  that 
one  face  of  each  layer  contains  north  seeking 
magnetism  and  the  other  face  south  seeking 
magnetism;  also  called  ktmdlarly  magnet' 
ized  tnagnets. 

Kaipiietie  Shiuit. — ^In  a  magnetic  circuit, 
a  path  through  which  a  part  of  the  lines  of 


force  are  diverted  in  order  to  weaken  the 
field,  or  to  establish  a  shunt  circuit. 

Maipietic  ShaBt  Circuit. — A  branch 
magnetic  circuit  which  diverts  a  portion  of 
the  flux  of  the  main  circuit. 

Mai^aetic  Solenoid. — ^A  spiral  made  up  of 
a  narrow  filament  or  wire  magnetized 
throughout  in  the  direction  of  its  length. 

Mae^etie  Sound. — ^A  faint  metallic  sound 
sometimes  heard  when  a  bar  of  iron  is  sud- 
denly ma^etized  or  demagnetized;  the 
magnetic  tick  or  Page  effect 

Manetic  Source. — Any  source  from 
which  magnetic  flux  proceeds. 

Magnetic  Sticking. — ^A  tendency  which 
the  armature  of  an  electromagnet  some- 
times has  of  adhering  to  the  poles  after  the 
current  has  ceased  to  flow  in  the  coils. 

MMuetic  Storaie.— Irregular  disturbances 
01  terrestrial  magnetism  simultaneously 
affecting  the  magnetic  needle  in  various 
portions  of  the  elobe,  supposed  to  be  caused 
Dv  great  disturoances  in  the  solar  system; 
they  frequently  occur  when  the  aurora  is 
visiDle. 

Manetic  Strain. — ^The  effect  upon  any 
substance  produced  by  the  action  of  mag- 
netic lines  of  force. 


Mae^etie  Stream  Lines. — ^The  lines 
magnetic  force,  being  the  paths  followed  b^ 
magnetic  induction  through  a  magnetic 
substance. 

Kajpietic  Stress. — ^The  influence  of  lines 
ot  magnetic  force  upon  a  substance  ex- 
posed to  their  action,  whereby  a  strain  is 
produced  in  that  substance. 

Ka^netic  Substance. — Gilbert  makes  a 
distinction  between  magnets  and  magnetic 
substances.  A  lump  of  iron  has  no  dis- 
tinguishable fixed  poles  and  no  magnetic 
equator;  it  will  attract  either  pole  of  a 
magnet  no  matter  what  part  of  the  lump 
be  presented  to  the  magnet.  This,  accord- 
ing to  Gilbert,  is  a  magnetic  8ub8taru:e  as 
distinguished  from  a  true  magnet  which  has 
poUs, 

Mai^netic  Susceptibilitj. — The  ratio 
between  the  intensity  of  the  magnetization 
of  a  substance  and  the  magnetizing  force 


Magnetic  Theodolite. 
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Magneling. 


appfied  to  it  to  produce  magQetization; 
the  ooeffioient  of  magnetization. 
Etzpraned  as  a  foxmula: 

in  whieh  k  smisoeptibility.I  =  intensity  of  mag> 
netiaation,  and  U  =  magnetisinc  force. 

Ka^netie  Theodolite* — An  instrument 
for  measuring  the  angle  of  declination  of 
the  magnetic  needle. 

KMiieiie  Tiek. — ^A  faint  metallic  sound 
wmch  mav  be  detected  when  a  bar  of  iron 
Is  suddenly  magnetized  or  demagnetized, 
ealled,  from  its  discoverer,  the  Page  effect. 

MmgnmUc  Time  Constant. — A  quantity 
used  to  express  the  time  required  for  the 
current  in  an  electric  circuit  to  arrive  at 
63.2%  of  its  full  value  when  a  constant 
£.  M.  F.  has  been  impressed  upon  the  cir- 
cuit. The  current  theoretically  requires  an 
infinite  time  to  reach  its  full  strength  as 
the  impressed  E.  M.  F.  is  opposed  by  a 
counter  £.  M.  F.  due  to  inductance. 

K»i^netie  Traetion. — ^The  pull  or  lifting 
power  of  an  electromagnet  when  its  poles 
are  in  contact  with  its  armature  or  keeper; 
the  tractive  force, 

K»i^etic  Unit  Pole. — ^A  theoretical  mag- 
net pole  assumed  to  repel  another  similar 
unit  pole  with  a  force  or  one  dtftie  at  a  dis- 
tance of  one  centimeter. 

Kai^etle  Units. — ^A  system  of  units  in 
terms  of  which  magnetic  quantities  and 
phenomena  may  be  expressed.  The  mag- 
netic units  are  derived  from  the  funda- 
mental units  of  lenpthf  mass  and  tinier  and 

are  concerned  with  the  force  exerted 
between  two  maenetic  poles.  A  few  of  them 
have  been  given  specific  names;  as,  ^au^'t  the  unit 
of  macnetio  field  mtensity;  the  maxwell,  the  unit 
of  magnetic  flux;  and  the  oeratedt  the  unit  of 
BBhictanoe. 

H»|^etie  V»ne  Ammeter. — ^An  ammeter 
in  which  two  discs  or  vanes  of  soft  iron,  one 
fixed  and  the  other  free  to  move,  repel  each 
other;  the  swing  of  the  movable  vane  in- 
dicating the  strength  of  the  current. 

Mai^etio  Vane  Voltmeter. — ^A  volt- 
meter in  which  two  discs  or  vanes  of  soft 
iron,  one  fixed  and  the  other  free  to  move, 
repel  each  other;  the  swing  of  the  movable 
vane  indicating  the  potential  difference. 

Mafl^etio  Variations. — ^The  elements  of 
the  earth's  magnetism  are  subject  to  varia- 


tions  which  occur  in  some  cases  every  day, 
in  others  every  year,  and  in  still  others  at 
long  intervals,  sometimes  extending  over 
centimes.  The  changes  that  take  place 
daily  are  known  as  diurnal  variations,  those  that 
are  observed  yearly  are  called  annual  variations, 
while  the  changes  that  require  many  yearn  are 
called  secular  variations. 

Mafi^etie  Variation  Transit.  —  An 

instrument  for  measuring  the  angle  of  the 
magnetic  declination. 

Mae^etie  Varicmieter. — ^An  instrument 
for  measuring  the  variations  in  the  mag- 
netic forces  of  the  earth's  magnetism. 

Mairaetie  l^seositjr.  —  A  tendency  to 
retardation  shown  by  induced  magnetism 
in  iron  or  steel;  magnetic  lag. 

Mai^netio  Voltmeter. — ^A  form  of  volt- 
meter employing  a  powerful  U  shaped 
permanent  magnet  and  a  moving  coil. 

Kai^etie  Whirls. — ^If  a  wire  be  moved 

near  a  magnet  across  a  space  in  which 

there  are  magnet  lines,  the  motion  of  the 

wire,  as  it  cuts  across  those  magnetic  lines, 

sets  up  magnetic  whirls  round  the  moving 

wire. 

The  moving  eonductor  ao  cuts  the  magnetic 
Knee  as  to  alter  ^e  number  of  lines  of  force  that 
pass  throu^  the  circuit.  If  a  conducting  circuit, 
as  a  wire  rmg  or  single  ooil,  be  moved  along  in  a 
untfonn  magnetic  neld,  so  that  only  the  same 
lines  of  foroepass  through  it,  no  current  will  be 
generated.  However,  if  a  coil  be  tilted  in  its  mo- 
tion across  the  uniform  field,  or  rotated  round  any 
axui  in  its  own  plane,  ^e  number  of  lines  of  force 
that  traverw  it  will  be  altered,  and  currents  will 
be  generated.  These  currents  will  flow  round  the 
ring  coil  in  the  ri^ht  handed  direction  (as  viewed 
by  a  pereon  looking  along  the  magnetic  field  in 
the  direction  in  which  the  ma^etic  lines  run)  if 
the  effect  of  the  movement  is  to  diminish  the 
number  df  lines  of  force  that  cross  the  coil;  they 
will  flow  round  in  the  opposite  sense,  if  the  effect 
of  the  movement  is  to  mcrease  the  number  of  in- 
tercepted lines  of  force.  If  the  field  of  foree  be 
not  a  uniform  one*  then  the  effect  of  taking  the 
coil  by  a  simple  motion  of  translation  from  a 
place  ^here  the  lines  of  force  are  dense  to  a  place 
where  they  are  less  dense*  will  be  to  generate 
currents. 

Maffttetic  Writiuff. — ^A  variety  of  mag- 
netic figures  produced  by  writing  with  the 
pole  of  a  magnet  upon  a  thin  sheet  of  steel 
and  sprinkhng  iron  filings  upon  it.  The 
writing  is  reproduced  b^  the  hues  of  filings 
clinging  to  the  magnetized  parts. 

Ma^^etine. — A  name  formerly  given  to  the 
imaginary  fluid  in  which  magnetic  phenom- 
ena were  supposed  to  occur. 

Mapieting^. — ^The  process  ci  passing  the 
ehpf  in  earthenware  manufacture,  through 
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a  machine,  furnished  with  revolvin|||  map- 
nets  which  remove  any  particles  of  iron  m 
the  material. 

Magnetism. —  1.  The  peculiar  property 
possessed  bv  certain  substances,  especially 
iron  or  steel,  in  virtue  of  which  th^  exert 
forces  of  attraction  or  repulsion  according 
to  fixed  laws. 

2.  That  branch  of  science  which  treats 
of  magnets  and  magnetic  phenomena. 

The  theory  proposed  to  aooount  for  the  mag- 
netisAtion  of  iron  is  as  follows:  Each  molecule  of 
iron  is  supposed  to  be,  and  to  remain  always, 
magnetic.  In  an  unmagnetised  iron  bar  these 
moleoular  ma^^ets  are  arranged  irra^larly;  the 
molecules  resist  being  turned  out  ortheir  usual 
positions.  Hence  when  a  magnetising  foroe  is 
Drought  to  bear  upon  them,  the  first  effect  is  to 
turn  the  molecules  round,  whose  axes  are  already 
most  nearly  in  the  direction  of  the  magnetising 
field. 

As  the  magnetising  force  increases  others  are 
turned,  increasing  thereby  the  apparent  magnet- 
ism; at  last,  all  are  turned  with  ueir  poles  in  the 
direction  of  the  magnetising  field. 

When  this  is  the  case,  no  further  spnlication  of 
magnetizing  force,  however  great,  can  increase 
magnetisation.  This  is  the  point  of  saturation. 
On  removing  the  magnetising  force*  those  mole- 
cules which  nave  not  been  much  stndned  out  of 
their  position,  fall  back  to  their  old  directions; 
but  those  which  have  been  greatly  strained  have 
acquired  a  pennanent  m/oanetia  M(«  and  hence 
remain  permanently  magnetic. 

Mai^etism  of  Rot»tioflu — A  theory 
founded  on  the  experiment  of  Arago's  disc, 
that  there  exists  a  sort  of  magnetism  in 
rotating  bodies. 

Ma^oetite* — ^The  magnetic  oxide  of  iron. 
A  mineral  which  is  attracted  by  a  magnet, 
and  sometimes  acts  as  a  magnet  and  at- 
tracts iron;  lodesUme, 

Ma.e^etit«  Arc  Lamp. — ^A  fonn  of  arc 
lamp  containing  a  positive  electrode  of 
pure  copper  andf  a  negative  electrode  con- 
sisting of  a  steel  tube  packed  with  a  fine 
powder  composed  of  oxide  of  iron  (mag- 
netite) and  the  oxides  of  chromium, 
titanium,  etc.  This  lamp  is  operated  on  the 
direct  current,  and  because  of  its  fumes  and  sooty 
deposit  is  limited  to  outdoor  Ughtiog.  It  has 
high  efficiency  with  a  low  maintenance  cost,  and 
gives  a  well  difFuaed  white  Ugbt  xesembling 
sunligbt. 

Mai^etlaable«^<}apable  of  becoming 
magnetized* 

Ma^oetiaation. — ^The  act  of  conununica-- 
ting  or  of  acquiring  magnetism. 

Hagrnetlaation  by  Doable  Tonch. — ^A 

method  of  magnetizing  a  bar  or  needle  in 
which  two  bar  magnets  with  their  oppo- 


site poles  together,  slightly  separated  by  an 
interposed  piece  of  wood,  are  placed  upon 
the  middle  of  the  bar  to  be  magnetized,  and 
then  drawn  back  and  forth  several  times 
alon^  the  bar,  leaving  off  at  the  middle 
starting  point. 

Magnettiation  by  Separate  Toneh* — 

A  method  of  magnetizing  a  bar  or  needle  bv 
the  use  of  two  bar  magnets  placed  with 
their  opposite  poles  together  at  the  middle 
of  the  oar,  and  then  drawn  apart  simul- 
taneously several  times  from  the  middle 
to  the  ends. 

Kaffnetiaatioa  b^  Sinffle  Toneh. — ^A 

method  of  magnetizing  a  oar  or  needle  by 
simply  stroking  each  surface  from  end  to 
end  in  one  direction  with  the  pole  of  a  per- 
manent magnet. 

Mai^etiaation  Curres. — Characteristic 
curves  tracing  the  relation  of  the  magnetiz- 
ing force  to  the  resulting  magnetic  intensity. 
Magnetization  curves  are  constructed  by 
laying  off  the  various  values  of  the  mag- 
netizing force  as  abscissas,  and  the  cor- 
respondung  values  of  the  magnetic  intent 
sity  as  ordinates. 

Mafi^etiae* — 1.  To  communicate  magnet- 
ism to  a  substance. 
2.  To  become  magnetic. 

Mai^etiaee. — ^A  person  under  the  influence 
of  mesmerism,  or  animal  magnetism. 

Maeri^etiaer, — 1.  That  which  imparts  mag- 
netism. 
2.  A  mesmerizer. 

Mapketiainif  Amoere  Turns. — ^The  am- 
pere turns  of  an  electromagnet  coil. 

Ma^etiainff  ColL — ^A  coil  of  insulated 
wire  cemented  together  by  shellac,  car- 
penter's glue  or  gum  copal,  for  the  purpose 
of  making  magnets.  The  bar  of  iron  is 
magnetized  by  passing  it  through  the  open- 
ing in  the  center  of  the  coil  while  an  electric 
current  is  passing  through  the  turns. 


Magnietiaiiiif  Current  of  Transformer* 

— ^he  current  which  enters  the  primary  of 
a  transformer  when  its  seconoary  is  on 
open  circuit;  the  open  circuit,  or  leakage 
current. 


H^gnetMng  Currents. — Electric  cur- 
rents which,  by  passing  through  a  coil  of 
wire  wound  around  a  core  of  iron,  produce 
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a  strong  degree  of  magnetization  in  the 
iron,  thereby  creating  an  electromagnet. 

MA^^netiain^  Floz. — ^Magnetic  flux  im- 
parted to  a  substance  in  order  to  mag- 
netize it. 

Ka^netiain^  Force. — ^The  magnetic 
intensity  impressed  upon  a  substance  in 
order  to  magnetize  it. 

M»§^etisiii|f  Helix  or  SpiraL — ^A  coil  of 
insulated  wire  wound  about  the  core  of  an 
electromagnet  and  serving  to  produce 
magnetization  when  an  electric  current  is 
passed  through  it;  a  solenoid. 


_  etiain^f  Tttm. — One  turn  of  a  mag- 
net coil. 

[ag^eto. — A  device  for  generating 
electricitv  by  electromagnetic  induction 
produced  in  the  field  of  a  permanent  mag- 
net. A  magneto  consists  essentially  of  a 
permanent  magnet  and  an  annature.  The 
magnet  generates  a  ma^etic  field  even 
when  at  rest.  The  armature  is  a  coil  of  oonduct- 
ing  wire  rotating  in  the  field  of  the  inductor.  In 
an  automobile,  magnetos  are  extensively  used  for 
firing  the  gaseous  mixture. 

gv&eto  Alternator. — ^An  alternator  in 
which  the  field  is  maintained  by  permanent 
magnets. 

Hae^eto  Blaatin^  Machine. — ^A  mag- 
neto for  generating  electricity  for  blasting 
purposes. 

Maneto  Call  BelL — In  local  battery 
telephone  practice,  a  ringer  for  signaling 
purposes  responding  to  currents  sent  out 
from  the  magneto  generators  at  other 
stations.  It  contains  a  polarized  electro- 
magnet designed  to  move  its  armature  ac- 
cording to  the  direction  of  the  current  sent 
through  it. 

Magneto  Chemical  Cell. — A  voltaic  cell 
composed  of  steel  bar  magnets  with  their 
poles  immersed  in  a  solution  of  oxalic  acid. 

Mai^etod. — A  name  used  for  designating 
the  force  exhibited  in  animal  magnetism 
or  mesmerism. 

Mai^eto  Dynamic  Force. — ^The  electric 
force  exerted  between  magnet  poles. 

Mag;neto  Dynamics. — That  branch  of 
dynamics  which  treats  of  the  action  of 
magnetic  force. 


Magneto  Electrle  Brake.—- A  device  for 
damping  a  galvanometer  needle,  in  which 
an  mverse  current  is  established  in  the 
galvanometer  coils  for  the  puipoee  of 
checking  the  swing  of  the  needle. 


_  Eleetrio    Faradie    Appa- 

ratne.— In  electro-therapeutics,  a  magneto 
for  generating  faradie  currents. 

Maipnete  Electric  Force. — A  force  that 
a  magnetic  current  is  conceived  to  exert 
upon  an  electric  field. 

MaflTBoto  Electric  Induction.— The  in- 
duction whmby  electricity  is  generated 
by  the  movement  of  conductors  and  per- 
manent magnets  past  each  other. 

Magneto  Electricity. — ^Electricity  pro- 
(hiced  bv  the  induction  between  magnets 
and  conductors  moved  past  them. 

Magneto  Electric  Medical  Appa- 
ratus.— ^In  electro-therapeutics,  a  magneto 
for  producing  alternating  currents. 

Magneto  Generator^— A  mechanical 
source  of  electric  current;  usually  called  a 
magneto, 

Magnetogram. — An  automatic  record  of 
the  movements  of  a  magnetic  needle. 

Magnetograph. — ^An  instrument  for  re- 
cording the  variations  of  any  of  the  earth's 
magnetic  elements. 

Magneto  Ignition. — ^In  internal  combus- 
tion engines,  especially  for  motor  cars,  the 
use  of  a  magneto  for  producing  the  electric 
current  required  to  ignite  the  gaseous 
mixture. 

Magneto  Inductor.— The  rotor,  or  revolv- 
ing part  on  a  stationary  armature  mag- 
neto. It  consists  of  cylindrical  segments 
of  soft  iron  supported  and  carried  by  a 
shaft  located  at  the  center  of  the  eirele 
described  by  the  segments.  The  magnetic 
condition  of  the  annature  core  depends  upon  the 
poeition  of  the  inductor.  The  latter  may  he  con- 
structed:  (1)  To  revolve  continuously,  or,  (2)  to 
rotate  to  and  fro  through  a  small  arc  by  link  con- 
nection, as  is  done  in  one  of  the  numerous  igni- 
tion ssrstems  for  internal  combustion  engines. 

Magneto  Instrument. — A  telearaph  in- 
strument operated  by  magneto-electridty. 

Magnetometer. — ^An  instrument  for  meaa- 
urmg  the  intensity  of  magnetic  force,  eB- 
peciaOy  that  of  terrestrial  magDetiam. 
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lIaipii«ioai«fti7* — The  science  of  measuring 
the  intensity  of  magnetic  fields,  especially 
ihe  intenaitv  of  the  earth's  magnetism,  by 
the  use  of  the  magnetometer. 

Kaipneto-motiTe.  —  Pftxlucing  magnetic 
flux. 

Kagaeto-flBotiTe  Force* — ^A  force,  analo- 

Sous  to  electromotive  force,  which  pro- 
uoes  magnetic  flux;  it  is  measured  by  the 
work  done  in  moving  a  unit  magnet  pole 
through  a  magnetic  circuit.  It  is  abbrevi- 
ated, M.  M.  F.    Its  unit  is  the  gilbert, 

HMpBCito-moiiTe  Intensit j. — ^The  degree 
oi  magnetic  pressure,  or  the  difference  of 
magnetic  potential  between  the  poles  of  a 
magnet. 

K»i^eto  Motor. — A  motor  having  Its  field 
maintained  by  permanent  magnets. 

HMnotoH»ptle  Rotation* — ^The  rotation 
oilight  produced  by  the  passage  of  a  polar- 
ized beam  of  light  through  a  transparent 
medium  in  a  magnetic  field;  magnetic 
rotaiy  polarization. 

Kafpoto-optics* — That  branch  of  physics 
wmch  treats  of  the  effects  produced  upon 
light  rays  in  passing  through  a  magnetic 
field  or  when  refiected  from  the  surface  of 
a  magnet. 

JUmgnet  Operation.  —  The  removal  of 
metaUic  particles  from  the  eye  by  the  use 
of  a  magnet. 

Kai^etephone* — An  apparatus  for  in- 
creasing the  volume  of  sound,  consisting  of 
a  horsoihoe  magnet  in  front  of  which  is  a 
perforated  iron  disc,  and  on  the  other  side 
a  smaU  induction  coil  c<»mected  with  a 
telephone. 

Haneto  Pointer* — ^The  index  of  a  dial 
tdegraphio  instrument. 

Mameto    Potential^   Beprttl*tor* — 

A  torm  of  stationary  induction  apparatus 
consisting  of  a  coil  m  shunt  and  a  coil  in 
series  with  the  circuit  so  arranged  that  the 
ratio  of  transformation  between  them  is 
variable  at  will,  and  in  which  the  direction 
of  the  ma^etic  flux,  with  respect  to  the 
coils,  18  adjustable. 

Magneto   BeeeptiTO   DoTiee* — An 

instrument  actuated  by  a  magnetic  flux. 


Kai^etoscope* — ^An  instrument  or  device 
for  detecting  the  presence  of  magnetic 
force,  without  measuring  its  intensity. 

Mai^neto  Sisals* — Signals  given  by  mag« 
neto  electricity.    • 

Kai^Betostatie  Ammeter. — An  ammeter 
having  its  field  produced  by  permanent 
magnets. 

Mametostatics* — That  branch  of  physics 
wmch  treats  of  stationary  magnetic  phe- 
nomena. 

Mae^etostatie  Screenine^. — ^The  act  of 
protecting  a  body  against  the  disturbing 
effects  of  stationary  magnetic  forces,  by  the 
use  of  a  screening  device. 

Ma^^eto  Telephone* — ^A  form  of  tele- 
phone employing  a  magneto  transmitter. 
This  type  is  no  longer  used  in  the  U.  S., 
having  been  supplanted  by  the  microphone 
transmitter. 

Kai^eto  Therapy* — ^The  use  of  magnets 
in  the  treatment  oi  disease. 

Kai^eto  Transmitter. — ^A  telephone 
transmitter  provided  with  a  magneto  call 
bell  which  consists  of  two  parts,  the  gen- 
erator for  sending  out  si^ials,  and  the 
ringer,  or  bell,  for  receiving  signals. 

Magnet  Stone. — ^Magnetite,  the  magnetic 
oro  of  iron,  a  chemical  combination  of  iron 
with  oxygen,  possessing  the  power  of  at- 
tracting iron  as  a  natural  magnet;  the 
lodestone, 

Magrnet  Winding. — ^The  coils  of  wire 
wound  upon  the  field  magnets  of  a  dynamo 
or  motor,  thereby  providing  a  large  number 
of  magnetic  lines  tor  the  armature  to  cut 
in  its  rotation. 

Magnet  Wire* — ^Insulated  wire  for  use  as 
magnet  coils. 


^  ias*e  La^nr.— A  law  of  thermo-eleo- 
tncity  stated  by  Magnus,  that  in  a  homo- 
geneous circuit,  the  temperature  may  vary 
from  point  to  pointy  without  producing  any 
current, 

Ma^ie  Cable. — ^A  telephone  cable  con- 
taining double  pairs  of  conductors. 

Mahler's  Calorimeter. — A  device  for 
'  testing  the  heating  value  of  coals.     It 
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consists  of  a  strong  steel  vessel  or  bomb, 
immersed  in  water,  and  protected  against 
radiation.  One  gram  of  the  coal  to  be 
tested,  is  placed  in  a  platinum  boat  within 
the  bomb,  and  ihea  oxygen  gas  is  introduced* under 
apressure  of  twenty  to  twenty-five  atmospheres. 
The  ooal  is  then  ignited  explosiveljjr  by  an  electric 
■park,  fnie  heat  of  combustion  is  absorbed  by 
tne  suziounding  water,  and  its  quantity  is  deter- 
min<Kl  by  the  rise  in  temperature  of  the  water, 
eorreotions  being  nutde  for  the  heat  capacity  of 
the  apparatus  itself.  The  accuracy  of  the  appa- 
ratus IS  such  that  duplicate  tests  will  not  vary 
more  than  two  parts  in  one  thousand. 

"MmJiotfBMy* — ^  tree  found  in  Central 
Amenca  and  the  West  Indies  whose  wood 
is  highly  valu^;  it  is  of  a  rich  reddish  or 
yellowish  brown  color,  sometimes  of  figured 
grain,  and  hard  enough  to  take  a  beautiful 
polish. 


— 1.  One  of  the  principal  conductors 
in  a  system  of  electric  light  or  power 
distribution. 

2.  A  principal  pipe;  as,  in  a  gas  or  water- 
works system,  through  which  a  locality  is 
supplied,  branches  leading  off  to  various 
sioe  streets,  from  which  again  supply  pipes 
lead  to  individual  buildings. 

Hain  Battery. — In  telegraphy,  the  battery 
employed  in  the  operation  of  the  main 
line. 

Main  Battery  Circuit. — In  telegraphy, 
the  main  circuit  including  the  main  battery. 

Kain  Circnit  Fuse* — A  safety  fuse  in- 
serted within  a  main  circuit. 

Main  Circuit  Switch. — A  switch  belong- 
ing to  a  main  circuit. 

Main  Current. — ^In  telegraphy,  the  current 
operating  the  line  circuit. 


Cut  Out. — ^A  cut  out  connected  with 
a  main  conductor. 

Main  Feeder. — In  a  system  of  electrical 
distribution,  a  principal  feeder  through 
which  the  pressure  of  the  system  is  reg- 
ulated; a  standard  feeder. 

Main  Fuse. — A  safety  fuse  inserted  within 
a  main  circuit. 

Main  Line  Relay. — In  telegraphy,  a  relay 
connected  with  the  main  line. 

Main  Line  Sounder. — In  telegraphy,  a 
aounder  connected  with  the  main  line. 


Mains. — ^In  a  system  of  electric  light  or 
power  distribution,  the  principal  conduct- 
ors to  which  the  lamps  and  motors  are 
directly  connected. 

Main  Switch. — 1.  A  switch  in  the  circuit 
of  a  main  conductor. 

2.  A  primary  switch  controlling  second- 
ary switches. 

Maintenance. — The  upkeep  of  electric 
apparatus  or  installations  tor  the  proper 
performance  of  their  work.  Repairs,  clean- 
ing and  inspection  are  a  part  of  the  mainte- 
nance. 

Main  Terminals. — The  points  at  which 
connection  is  made  between  any  electrical 
apparatus  and  the  external  circuit. 

Main  Trunk  Line. — A  main  telephone 
line  connecting  one  city  with  another,  and 
serving  as  the  principal  member  through 
which  the  system  of  communication  is 
conducted  and  extended. 

Main  Tubes. — In  an  underground  conduit 
system,  the  tubes  carrying  electric  mains. 

Main  Voltmeter. — A  voltmeter  for  meas- 
uring differences  of  potential  in  electric 
mains. 

Main  Wire. — 1.  A  wire  forming  the  con- 
ductor in  a  main  or  line  cireuit. 

2.  A  wire  serving  to  make  up  an  eUdric 
main. 

Major  Axis. — ^The  longer  axis  of  a  body, 
real  or  imaginary,  passing  through  it  on 
which  it  may  be  supposed  to  revolve. 

Make. — ^To  cause  a  circuit  to  be  completed 
or  closed. 

Make  and  Break. — ^To  alternately  close 
and  open  a  cireuit. 

Make^  and  Break  Ignition. — ^Electric 
ignition  of  explosion  motors,  effected  by 
bringing  two  platinum  points  together  and 
then  separating  them,  thus  forming  an  are 
or  electric  spark.  The  points  are  brought 
together  by  mechamcal  means,  and 
separated  by  a  spring,  a  low  tension  current 
being  employed  which  is  derived  from  either  a 
primarv  or  a  storage  battery. 

While  it  is  possible  to  produce  a  spark  by  sun- 
ply  breaking  a  low  tension  cireuit,  it  is  necessary 
m  order  to  have  a  spark  of  sufficient  intensity  and 
duration  to  introduce  into  the  circuit  a  pnmary 
induction  coiU  which  consists  of  a  long  iron  cors 
wound  with  a  considerable  length  of  low  resist- 
auce  insulated  copper  wire;  the  length  of  the  eon 
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and  the  number  of  tuns  of  the  wire  deteimining 
ibe  efBcienoy. 

When  a  macneto  is  used,  a  eoil  Is  not  neceiwmy 
as  the  annature  winding  serves  the  same  pufpose. 

In  make  and  break  umition  a  oonsiderabfe  in- 
terval of  time  is  required  for  the  current  to  rise  to 
its  full  value,  henoe  the  time  of  separation  of  the 
platinum  points  should  not  occur  sooner  than  the 
moment  when  the  maximum  current  strength  has 
been  obtained.  Make  and  bresk  ignition  m  also 
called  low  iention  ignition 

Make  Indnced  Onrrent. — A  temporary 
eleetric  current  which  is  induced  by  a  cur- 
rent in  its  own  circuit  upon  making  or  clo»- 
ing  ^he  circuit.    Also  called  inverse  current. 

Making  Earth. — Connecting  a  telegraph 
circuit  to  the  earth;  grounding. 


Making  the  Prlmaiy. — Closing  the  dr- 

lormer. 


[akinff  the  Prlmaiy. — Closing 
cult  of  the  primary  cou  of  a  tranac 


Making  Up  Batteries. — ^Joining  up  vol- 
taic cdls  to  form  electric  batteries. 

Malacca  Tin* — ^A  metal  also  called  Banca 
tin  and  Straits  tin.  It  is  sold  in  pyramids 
wei^liing  about  one  pound  each. 

Malachite* — ^A  double  carbonate  and 
hydrate  of  copper,  foimd  in  many  places, 
especially  in  Siberia.  A  very  valuable 
copper  ore,  but  used  as  an  ornamental  stone 
on  accoimt  of  its  beautiful  green  color. 


_  »• — To  control,  regulate  or  direct  the 
mov^ents  of  an  enterprise,  shop,  railway 
or  the  like. 


_  , — Those    collectively    who 

manage  any  business,  institution  or  the 
like. 


_  *• — One  who  manages;  a  director. 
Shop  management  may  properly  include 
as  its  field  of  operations,  a  vast  establish- 
ment with  thousands  of  skiUed  and  unskil- 
led workmen,  with  their  gang  bosses,  fore- 
men, and  superintendents  of  departments, 
the  whole  ammated  and  directed  b]^  a  gene- 
ral manager f  who  in  turn  is  responsible  to  a 
board  of  directors,  representing  the  capital 
employed. 

MandreL — In  underground  cable  construc- 
tion, a  metallic  cylinder  used  to  insure  pro- 
per alignment  in  laying  a  single  duct  con- 
duit by  bein^  drawn  through  the  duct  as 
each  section  is  laid  on. 


_aneae« — ^A  metal  resembling  and 
possessing  a  remarkable  affinity  for  iron. 
It  is  generally  found  in  the  form  of  oxides. 


and  is  widely  used  as  a  chemical  reagent 
and  oxidizer.  Conjointlv  with  hydro- 
chloric acid,  it  evolves  chlorine  gas;  com- 
bined with  chlorate  of  potash  and  caustic  potash* 
it  forms  permanganate  of  potaaiium.  a  well  known 
disinfectant:  is  added  to  steel  to  neutralise  pboa- 
phorus,  and  also  has  the  valuable  property  of 
rmdering  that  metal  non-maonetixable, 

Manf^nese  Bronse* — ^A  ^  very  durable 
alloy  of  copper  and  tin  with  some  ferro- 
manganese.  It  is  capable  of  being  cast 
into  delicate  and  intricate  shapes  and  ia 
largely  used  in  complicated  machinery,  aa 
in  automobile  parts;  It  has  also  the  ad* 
vantage  of  resisting  sea  water  corrosion. 

Manfl^aneae  Copper* — ^An  alloy  of  30 
parts,  by  weight,  of  manganese  and  70 

Sarts  copper,  employed  for  electric  cod- 
uctors. 

Manganese  Dioxide  or  Binozide. — ^A 

diemical  compound  of  manganese  and  oxy- 
gen. It  occurs  in  nature  crystallized  in 
prisms  with  a  silver  luster.  In  this  state 
it  is  called  pyrohuite.  In  a  powdered  f  orm| 
it  is  known  as  black  oxide  of  manganese,  ana 
when  mixed  with  plumbago  it  is  used  as  a 
depolarizer  in  the  Leclanche  cell  and  in  dry 
batteries. 

Man^aneee  SteeL — ^A  mixture  of  steel 
with  the  metal  manganese,  producing  an 
alloy  of  greater  toughness  and  strength 
than  ordinary  steel. 

Mai&craiiiii* — ^An  alloy  of  manganese, 
copp>er  and  nickel,  having  a  small  resist- 
ance temperature  coefficient,  and,  therefore, 
useful  in  making  standard  resistance  coils. 

Mangfanin  Bosistance* — A  resistance 
coil  composed  of  the  alloy  manganin. 

Manipiii  Projector. — ^A  form  of  projector 
for  searchlignts  provided  with  a  concavo- 
convex  mirror  reflector  having  its  convex 
surface  silvered,  and  so  adjusted  that  the 
U^t  undergoes  two  refractions. 

Manhole. — 1.  In  an  undergroimd  conduit 
system,  a  vault  built  under  the  street,  hav- 
ing a  circular  opening  at  the  street  surface 
covered  by  a  cast  iron  cover,  and  large 
enough  to  conveniently  admit  a  man,  so 
that  access  may  be  had  to  the  conduit 
ducts  and  the  cables. 

2.  An  opening  by  which  to  enter  a  steam 
boiler,  tank,  sewer,  aqueduct,  or  the  like*  for 
cleaning,  ^repairing,  or  inspecting. 

3.  A  side  excavation  or  refuge  in  tunneh. 
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Manifold. — A  connection  with  numerous 
branches  used  to  convey  fluids  between  a 
large  pipe  and  several  smaller  ones. 

Majilla  Hemp. — A  fiber  of  the  same  genus 
as  the  banana.  When  dressed  it  is  oi  two 
qualities,  the  finer  being  made  into  band- 
some  shawls,  the  coarser  into  ropes;  as« 
manila  rope. 


onmph.  —  An  apparatus  sometimes 
called  the  optical  indicator  for  taking  in- 
dicator diagrams  of  gas  engines.  The 
diagram  is  traced  by  a  beam  of  light  re- 
flected upon  a  ground  glass  screen,  or  on  a 
photographic  plate  by  a  mirror  which  os- 
cillates at  the  same  time  on  both  a  vertical 
and  horizontal  axis. 


\ — 1,  An  instrument,  consisting 

essentially  of  a  bent  tube  partly  filled  with 
mercury,  for  measuring  the  pressure  of 


2.  A  general  term  including  all  varieties 
of  pressure  gauges,  such  as  tube,  spring, 
syphon  and  mercurial  types. 

Manometrie  Flames. — ^A  peculiar  effect 

is  produced  on  a  flame  by  sound  waves. 

Koenig's  apparatus  for  indicating  small 

variations  of  air  pressure,  by  its  effect  on 

a  flame,  consists  of  a  metal  "capsule"  or 

box,  divided  into  two  chambers  by  an 

elastic  diaphragm.  At  one  end  is  an  orifice 
for  the  admimioa  of  Bounds  from  the  voice  or  an 
instrument,  and  at  the  other  m  an  ordinary  sas 
burner,  gas  for  which  is  admitted  to  the  chamber 
in  front  of  the  diaphragm.  If  the  gas  be  lighted 
and  its  supply  be  agitated  by  the  sound  waves 
striking  against  the  diaphragm  the  flame  wilt 
undergo  perceptible  changes  in  strength  and 
steadiness.  These  may  be  se«>n  to  advantage  by 
takini{  a  four-sided  box  witb  mirrore  on  eveiy  side 
and  turning  it  rapidly  in  front  of  the  flame.  The 
multing  '^image"  will  differ  aecordizi|s  to  the 
atreni^th,  timbre  and  other  characteristics  of  the 
sound. 

Manual. — Of  or  pertaining  to  the  hand; 
done  or  made  by  the  hand;  as,  manual 
labor. 

Manual  Alarm. — An  alarm  operated  by 
hand. 

Manual  Ig^tin^  Deviee. — Any  device 
for  Ughting  a  gas  jet,  or  exploding  a  blast, 
operated  by  hand. 

Manual  Power. — ^The  muscular  power  of 
men's  arms.  The  mean  effect  of  a  man's 
power,  unaided  by  machine,  is  the  raising 
of  70  pounds  1  foot  in  one  second,  or  4200 
foot  pounds  per  minute  for  10  hours  a  day. 


Two  men  working  at  a  windlass  with  the 
handles  at  right  angles  to  each  other,  can 
raise  70  pounds  more  easily  than  one  man 
can  35  pounds. 

Manual  Repeater. — In  telegraphy,  a  re- 
peater or  translator  operated  by  hand,  in- 
stead of  4iechanically,  as  the  automatic 
repeater. 

Blanual  Telegraphy. — Telegraphic  trans- 
mission by  hand,  as  distinguished  from 
automatic  telegraphy. 

Manual  Translation. — Repeating  or 
translating  a  telegraphic  message  to  another 
circuit  by  hand  as  the  signals  are  received 
over  the  first  circuit. 

Manufiteture  of  Carbons. — There  are 

various  wavs  of  preparing  artificial  carbons; 

graphite,  derived  from  gas  retort  carbon, 

usually  forms  the  basis.    This  is  ground  up 

and  well  mixed  with  pure  carbon  powder 

derived  from  the  destructive  distillation  of 
some  such  organic  substances  as  gas  tar,  pitch,  or 
albumen.  An  adhesive  substance,  such  as  a  syrup 
of  sugar  cane  and  gum.  is  then  added  to  make  a 
paste.  The  rods  are  shaped  either  by  moulding, 
squeesing,  or  forcing  the  mixture  with  consider- 
able  pressure  through  a  die  plate.  Rods  so 
formed,  are  baked  several  times  in  an  oven  and 
immersed  in  a  syrup  between  each  baking.  The 
chief  requirements  of  a  earbon  rod  are,  that  it 
should  be  dense  and  pure,  and  that  its  elactiioal 
raiistance  should  be  low. 

Maple. — A  tree  common  in  the  temperate 
zone  all  over  the  globe;  valued  both  for  its 
shade  and  ornamental  effect,  as  well  as  for 
its  wood.  There  are  over  fiftv  species; 
bird's  eye  maple  is  highly  valued  for  cabi- 
net finish. 

Marble. — ^A  kind  of  limestone  of  varying 
color  and  markings  capable  of  taking  and 
retaining  a  high  polish.  It  is  largely  used 
for  switchboard  panels  because  of  its  good 
insulating  quah'ties. 

Marconi*  Chi^lielmo. — ^Bom  1874.  An 
Italian  electrician;  the  first  to  successfully 
apply  the  principle  of  the  Hertzian  waves 
to  telegrapny  in  the  invention  of  the  Mar- 
coni system  of  wireless  telegraphy  (1895). 
In  1899  he  established  wireless  communica- 
tion between  France  and  England  across  the 
English  Channel:  in  1901  transmitted  signals 
across  the  Atlantic  from  Cornwall  to  Newfound- 
land, a  distance  of  2100  miles:  in  1902  established 
communication  between  Canada  and  England, 
and  a  few  weeks  later  between  Cape  Cod  and 
Cornwall:  and  established  transatlantie  wireless 
service  for  public  use  in  1907.  His  system  is  used 
by  tibe  principal  shipping  companies  in  America 
and  abroad  and  in  the  British  and  Italian  navies. 
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Hareonl  Waves. — Electromagnetic  waves 
set  up  in  the  ether  by  the  Marconi  system 
of  wireless  telegraphy. 


_  . — In  building,  the  exposed  portion 
of  a  slate,  tile  or  other  roof  covering.  The 
width  of  the  margin  is  known  as  the  gauges 
the  part  covered  bv  the  next  higher  is  tne 
cover,  the  part  which  overlaps  the  next 
lower  is  the  lap  or  bond, 

Mmrfin  of  Bela^  Adjustment. — The 

limits  within   which  the  armature  of  a 
telegraph  relay  may  be  usefully  adjusted. 

Mar^lii  of  Safety* — A  shop  term,  signi- 
fymg  factor  oftc^Ay, 

Marine  Compass. — ^A  form  of  magnetic 
compass,  suspended  in  such  a  manner  that 
it  will  remam  as  horizontal  as  possible 
during  the  motion  of  the  ship.  Since  mod- 
em ships  are  constructed  largely  of  metal, 
the  magnetic  effects  thus  set  up  are  cor- 
rected by  fixing  compensating  masses  of 
iron  in  suitable  positions.  The  marine 
compass  is  also  called  mariner's  compass. 


Galvanometer. — A  form  of 
galvanometer  specially  adapted  for  use  on 
shipboard. 

Marine  Olne. — ^A  due  composed  of  India 
rubber,  shellac,  and  a  solvent  oil,  such  as 
coal  tar  naphtha;  it  is  applied  hot  to  can- 
vas, wood,  etc.,  where  a  water-tight  joint 
is  desired. 

Marine  Junction  Box. — ^A  junction  box 
for  electrical  connections,  of  special  water- 
tight construction  suitable  for  use  on  ship- 
boBurd. 

Marine  Lamp  Socket. — An  incandescent 
lamp  socket  designed  to  give  the  required 
flexibility  to  a  lamp  on  a  ship. 

Mariner's  Compass. — In  navigation,  an 
instrument  for  determining  direction.  It 
consists,  in  its  simplest  form,  of  a  magnetic 
needle  suspended  upon  a  pivot  and  at- 
tached to  a  card  marked  with  thirty-two 

points  of  direction.  These  points  of  the 
oompam  are  also  called  rtiumbs.  The  glaas 
covered  case  eontaining  the  oompan  is  supported 
upon  gimbals  in  order  to  preserve  a  horuontal 
position. 

Marine  SeareUiffht. — ^A  light  for  the  use 
of  warships  and  other  vessels. 

Marine  Switch. — A  switch  of  special 
watertight  construction  for  use  in  electric 
circuits  on  shipboard. 


Marine  Voltmeter. — ^A  voltmeter  adapted 
to  electric  installations  on  ships. 


Buojr. — A  buoy  used  in  submarine 
cable  operations  for  merely  staking  out  a 
position,  and  not,  like  the  cable  buoy,  for 
securing  the  cable. 

Marked  End  or  Pole. — ^The  north  pole  of 
a  magnet,  so  called  because  it  is  usuallv 
mark^  to  distinguish  it  from  the  south 
pole. 

Markers. — Signal  lights  and  flags  employed 
in  the  block  system  for  railroads. 

Markinif^  Current. — In  double  current 
automatic  telegraph]^,  the  current  which 
completes  the  local  circuit  and  records  the 
dots  and  dashes  of  the  message,  as  dis- 
tinguished from  the  spacing  current. 

Markinif  Disc. — In  Morse's  system  of 
writing  telegraphy,  a  metal  disc  which 
rotates  against  the  ink  roller  and  records 
the  message  upon  the  paper  strip. 

Mariotte's  Law. — The  volume  of  a  gas  is 
inversely  proportional  to  its  (absmute)  pres' 
sure  at  constant  temperature.  Expressed  as 
a  formula: 

pv  =  pV;  or  p  V  =  a  constant 

in  which,  p  =  pressure  at  a  volume  v.  and  p'  =  pres- 
sure at  a  volume  v'.  The  oonatant  varies  with  the 
temperature,  everything  else  remaining.  Air  com- 
proMed  to  seventy  five  atmospheres,  has  a  volume 
about  two  per  cent  less  than  that  computed  by 
Mariotte's  law.  This  Utw  is  abo  known  as 
BayW9  law, 

Mass. — ^The  quantity  of  matter  which  a 
body  contains,  the  weight  of  the  body  being 
the  measure  of  the  earth's  pull  or  the  force 
of  gravitation  upon  the  mass.  The  mass 
of  a  body  is  a  constant  quantity  while  the 
weight  varies  according  to  the  variation  in 
the  force  of  gravity  at  different  places. 

If  ffsthe  aoceleration  due  to  gravityi  11^= weight* 
and  msnutfi.  then: 


m  = 


w 


fxam  whioh 


0 
vfssmg. 


Mass  Attraction. — ^The  universal  attrac- 
tion which  all  bodies  exert  upon  one 
another. 

Mass*  Electric. — ^A  term  applied  to  the 
(quantity  of  electricity  mathematicallv  con- 
sidered as  corresponding  to  masses  of  mat- 
ter. 
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Kaasieot. — ^The  yellow  oxide  of  lead.    It 
does  not  dififer  chemically  from  litharge ' 
though  dififerent  in  color  and  mechanical 
condition.    When  the  massicot  is  melted  it 
has  a  reddish  tint  and  is  called  litharge. 

Mast. — In  wireless  telegraphy,  a  lofty  pole 
for  supporting  the  aky  rods  or  antennffi  by 
means  of  which  electromagnetic  waves  are 
both  transmitted  and  received. 

Mast  Arm  Bracket* — ^A  lon^  arm, 
attached  by  a  hinge  to  a  supportmg  pole, 
for  suspending  an  arc  lamp  over  a  street, 
and  allowing  the  lamp  to  be  raised  ana 
lowered  for  the  purpose  of  cleaning  and 
renewing  the  carbons. 

Mast  Compass. — ^A  compass  supported  by 
a  ship's  mast  at  such  a  height  as  to  mim- 
mize  the  effect  of  the  vessers  magnetic 
attraction. 

Master  Clock. — ^The  standard  clock  which 
controls  the  movement  in  dependent  clocks 
in  a  sjrstem  of  electric  timekeeping;  the 
primary,  or  controlling  clock;  a  telegraphic 
clock. 

Mast  Winch. — In  riggings  a  hoisting 
machine  either  worked  by  hand  or  power 
and  secured  to  a  ship's  mast;  or  a  piUar 
in  shop  use.  It  msiy  have  single,  double 
or  treble,  gearing  with  brakes  and  other 
improvements. 

Mat. — In  electroplating,  a  dead  or  dull  finish 
obtained  by  leaving  the  metal  unbumished 
after  it  has  been  deposited. 

Mate  ofWire. — ^The  second  wire  twisted 
with  a  first  to  make  a  twisted  pair. 

Mathematics. — ^That  science  which  treats 

of  the   exact  relations  existing  between 

quantities  or  magnitudes.    The  science  of 

quantities  is  afterwards  divided  into  pure 

and  mixed  mathematics.    The  branches  of 

pure  mathematics  are  arithmetic,  geome- 
try, algebra,  i^ialytical  Keometry,  and  the  differ- 
ential and  integral  calculua:  the  three  latter 
embrace  the  entire  portion  of  mathematical 
science  in  which  quantities  are  represented,  not 
by  numbeis,  but  by  letters  of  the  alphabet. 

Matte.— An  impure  metal  obtained  in  the 
smelting  of  various  ores;  as,  copper  or 
silver.    Called  also  coarse  metal. 

Matter. — ^An;^  collection  of  substance 
existing  by  itself  in  a  separate  form;  mat- 
ter appears  in  various  forms  which,  how- 


ever, can  all  be  reduced  to  three  classes; 

namely,  solids,  liquidSf  oases;  a  solid  offers 

resistance  to  cnange  of  shape;  it  has  a  fixed 
form  and  is  hard,  firm  and  compact.  A  liquid  is  a 
substance  which  flows  and  can  be  poured  in  drops, 
like  water.  A  liquid  flows,  and  wets  that  on 
which  it  flows.  A  gas  is  a  fluid  form  of  matter 
which  is  elastic  and  tends  to  expand  indefinitely. 
A  term  used  at  first  bsr  chemists  as  synonymous 
with  air,  but  since  restricted  to  fluids  supposed  to 
be  permanentljr  elastic;  as,  oxygen,  nydro^en. 
etc.,  in  distinction  from  vapors,  as  steam,  which 
become  liquid  cm  a  reduction  of  temperature. 

The  two  SMenftol  properties  of  matter,  both  of 
which  are  inseparable  from  it,  are  extension  and 
impenetrability.  Extension,  m  the  three  dimen- 
sions of  length,  brmdth  and  thickness,  belongs  to 
matter  under  all  circumstances;  and  impenetra- 
bility, or  the  property  of  excluding  all  other 
matter  from  the  space  which  it  occupies,  apper- 
tains alike  to  the  laigest  body  and  the  smallest 
particle. 

Matter*  Electric. — A  term  formerly 
applied  to  the  imaginary  effluviiun  sup- 
posed to  account  for  electrical  phenomena. 

Matteneci,  Carlo.— Bom  1811,  died  1868. 
Italian  physicist;  was  several  times  nnnis- 
ter  of  public  instruction,  and  also  member 
of  the  Florence  council  of  education.  As 
professor  Of  physics  at  Pisa,  he  made  many 
experiments  and  discoveries  in  animal 
electricity,  and  published  Manuale  di 
Telegrafia  Electrica  (1850). 

Matteueei's  Muscle  Pile.— A  voltaic  pile 
composed  of  muscular  tissues  cut  from 
animals  and  laid  one  upon  another,  so  that 
the  interior  surface  of  one  piece  comes  into 
contact  with  the  exterior  or  the  next,  there- 
by generating  an  electric  current  sufficient 
to  deflect  the  needle  of  a  galvanometer. 

Matthieeeen,  Aunstus. — Bom  1 83 1 , 
died  1870.  An  En^ish  chemist  and  physi- 
cist, distinguished  for  his  researches  in  the 
electrical  conductivity  of  metals  and  alloys, 
and  for  the  construction  of  electrical 
standards  (1860-65). 

Matthieeeea'e  Meter  Oram  Standard. 

— ^A  standard  of  resistance  in  wire,  being 
the  resistance  ofifered  by  one  meter  of  pure 
copper  wire  of  a  diameter  such  as  to  weigh 
one  gram  per  meter,  and  equal  to  0.1417 
international  ohm  at  0^  C. 

Mattliieeeen*e  Unit  of  Resistance. — ^A 

standard  of  resistance  ecjual  to  that  of  a 
mile  of  pure  copper  wire,  one-sixteenth 
inch  in  diameter  at  a  temperature  of  60^ 
F.;  a  mUe  standard. 

Mattreee. — In  hydraulic  engineering,  a  mat 
woven  of  brush,  poles,  etc.,  used  in  pro- 
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tecting  embankmentB,  fanning  dykes,  jet- 
ties, etc. 

]I*tiirliigf  of  OmlL — ^When  several  calls 
have  been  recorded  at  a  telephone  exchange 
to  be  answered  in  the  order  of  receipt,  the 
tkne  whcm  any  call  has  reached  its  turn. 


—The  highest  value  considered 
with  respect  to  other  values. 


▲etiTlty  of  Motor.— The 
highest  point  of  useful  activity  to  which 
a  motor  can  attain;  thefttU  load  efficiency. 

Mazimiim  Efieieney  of  Transformer* 

— ^The  efficiencv  of  a   transformer  when 
working  at  full  load;  the  fvU  load  efficiency. 

Mazimiim  Horisontal  Intensity  of 
Lij^ht. — ^The  gr^itest  intensity  of  light 
measured  in  a  horizontal  direction  fron^  its 
source. 

Mazimiini  Ma^etUation. — ^The  state  of 
a  magnet  which  has  reached  magnetic 
saturation  or  the  highest  degree  of  magnet- 
ism to  which  it  can  attain. 

Ma'gJMfim  Negative  ElonMtion. — ^The 
extreme  limit  which  a  vibrating  body 
reaches  in  the  negative  direction. 

Haziaram  Posltivo  ElonMtion. — ^The 
extreme  limit  which  a  vibrating  body 
reaches  in  the  positive  direction. 

Maximum  Preeevre. — The  utmost  pres- 
sure which  is  brought  to  bear  upon  the  body 
of  a  structure.  Commonly  it  nas  reference 
to  the  pressure  of  elastic  fluids  and  liquids. 

Ma»imwm   Starting  Current. — The 

greatest  value  reached  by  the  starting  cur- 
rent of  a  motor. 


Mayfrnnm    Traction    Tmek. — ^An 

treme  size  of  truck  for  railway  cars. 


ex- 


Mayfrnnm  Value  of  Alternating  Cur- 
rent Wave. — ^The  amplitude  or  the  value 
of  the  alternating  current  taken  at  the  top 
of  the  wave. 

Masimnm  Value  of  £•  M«  F. — In  an 

alternating  current  circuit,  the  pressUte 
when  considered  at  the  top  of  the  aUemating 
current  wave. 

MazwelL^The  unit  of  magnetic  flux.  It 
is  the  amount  of  magnetism  which  passes 


through  every  square  centimeter  of  a  field 
of  unit  density. 


Maarwell,  Jamee  Clerk.— Bom  1831, 
died  1879.  A  Scottish  physicist  and  writer 
on  electrical  and  physical  subjects.  In 
1857  he  obtained  a  prize  for  an  able  essay 
on  Saturn's  rings.    He  was  the  author  of 

the  kinetic  theory  of  gases  (I860),  and  he 

Sined  the  Rumford  medal  the  same  year  for  his 
icuaaioQ  of  colorB  in  reJatioa  to  color  blindness. 
He  IB  best  known,  however,  for  his  researches  in 
electrioity  and  magnetism,  beginning  in  1856  with 
his  paper  on  "Physical  Lines  of  Force"  and  cul- 


the  science  of  electro-optics,  and  advanced  the 
conception  of  electromagnetic  waves,  by  which  he 
laid  the  foundation  of  the  science  of  wireless  teteg- 
laphy. 


^ell*e  Electromagnetic  Theory 
of  Liffht* — A  ^  theory  propounded  by 
Maxweu,  that,  since  luminous  and  electro- 
magnetic waves  are  transmitted  with  the 
same  velocity  in  the  same  medium,  light 
itself  is  an  electromagnetic  phenomenon. 

Mazwell*e  Rule. — A  rule  formulated  by 
Maxwell  for  determining  the  mutual  action 
of  an  electric  circuit  and  a  magnet  placed 
near  it,  as  follows: 

Every  portion  of  the  circuit  is  acted  upon 
by  a  force  urging  it  in  such  a  direction  as  to 
make  it  enclose  unthin  its  embrace  the  greatest 
possible  number  of  lines  of  force. 

Mclntire  Sleeve  Joint. — A  method  of 
joining  wires  in  which  a  sleeve  is  used  con- 
sisting of  two  copper  tubes  soldered  to- 
gether, and  having  Dores  corresponding  to 
the  size  of  the  wires  to  be  joined;  the  ends 
of  the  wires  being  inserted  by  a  special  tool 
the  whole  is  twisted  together,  no  solder  be- 
ing required.  % 

M«  Current*— A  contraction  for  mean 
current. 

Mean  Annual  Station  Current. — ^The 
average  electric  current  output  of  a  station 
during  the  year. 


Current. — 1 .  The  average  of  ciurent 
strength  for  a  given  time. 

2.  In  an  alternating  current,  the  mean 
square  of  its  varying  values,  independent 
ot  the  sign  of  the  current. 

Mean  Effective  Value. — In  alternating 
current  calculations,  a  value  representing 
a  constant  quantity  which  would  produce 
the  same  working  effect  as  the  varying 
quantity;  the  virtual  value. 
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Meaji   Electromotive   Force. — 1.    The 

average  electromotive  force  for  a  given 
time. 

2.  In  an  alternating  current,  the  square 
root  of  the  mean  square  of  the  varying 
valueBLof  the  actual  electromotive  force. 

Meaji 'Hipmiepherlcal  Cajidle  Power. 

— ^In  idpctric  lighting,  the  average  candle 
power  in  every  direction  in  a  hemisphere 
navii^.#ie  light  source  at  its  center. 

Mean  Horisontal  Intensity  of  LIffht. 

— ^The  average  intensity  of  light  in  a  hori- 
zontal direction  from  its  source. 

Mean  lUundnation. — The  average  quan- 
tity of  light  received  per  unit  area  of  il- 
luminated surface. 

Mean  Load  Current. — ^The  electric 
current  delivered  under  an  average  load. 

Mean^  Qnadratic  Current. — A  term 
applied  to  an  average  intensity  of  alter- 
nating current. 

Mean  Spherical  Candle  Power. — ^An 

average  of  spherical  candle  power. 


Temperature. — The  average  tem- 
perature observed  at  a  particular  place 
over  a  number  of  years;  generally  noted  as 
annual,  or  for  any  particular  season  or 
month. 

Measurement  of  Lig^ht. — Light  can  be 
measured  with  great  accuracy,  owing  to 
an  invariable  law  which  is  similar  to  the 
law  of  gravitation.  The  intensity  of  light  is 
as  the  square  of  its  distance;  thus,  if  two 
lights  of  unequal  power  be  made  to  shine 
on  the  surface  of  a  smooth  plaster  wall,  and  a 
book  or  card  be  interposed,  the  two  shadows  pro- 
duced by  the  crossing  of  the  rays  will  differ  in 
blackness  in  the  same  degree  as  the  powers  of  the 
two  lights:  the  stronger  light  will  produce  the 
darker  shadow.  To  obtain  the  difference  in  power 
of  the  two  lights,  the  stronger  light  must  be 
moved  backward  or  the  leraer  light  forward 
until  both  shadows  are  the  same  tint,  which  the 
eye  can  tell  with  great  exactness. 

Measurements*  Electrical.  —  Measure- 
ments of  the  various  eflFects  exhibited  in 
electrical  phenomena,  especially  practical 
measurements  in  connection  with  the  elec- 
tric circuit. 

Every  system  of  measurement  is  based  upon 
some  experimental  fact  or  law.  An  electric  cur^ 
rent  can:  1,  cause  a  deposition  of  metals  from 
their  chemical  solutions;  2,  heat  the  wire  that  it 
flows  through:  3,  attract  (or  repel)  a  parallel 
neighboring  ourrent;  4,  accumulate  as  an  electric 
charge  that  can  repel  (or  attract)  a  neighboring 
charge  of  electrid^;  6,  produce  m  its  neighbor- 


hood a  magnetic  field,  that  is  to  say,  can  exert  a 
force  upon  the  pole  of  a  magnet  placed  near  it,  m 
for  example,  m  galvanometers.  This  last  is  made 
the  basis  m  the  system  now  adopted  by  Jnter- 
natipnal  agreement;  *and  it  is  the  best  because, 
fintly,  it  connects  the  electrical  units  with  the 
outenetic  ones,  and  secondly,  it  is  closely  connected 
with  the  mechanical  units,  enabling  toe  meehan^ 
ioal  values  of  the  electrical  quantities  to  be 
readily  computed. 

Instruments  for  measuriDC  earrenti  of  eleetrie- 
Ity.are  of  many  styles.  As  a  mysterious  and 
invisible  element  is  dealt  with,  the  measurement 
Is  mdireot.  The  effects  of  ourrents  of  various 
pressures  and  volumes  are  what  are  meamired.  not 
the  currents  themselves. 

Measures. — ^Measures  are  of  seven  kinds: 
1.  Length;  2.  Surface  or  area;  3.  Solidity 
or  capacity;  4.  Weight  or  force  of  gravi^; 
6.  Time;  6.  Angles;  7.  Money  or  value. 

Measuring  Current.— The  eleetrie 
current  used  as  basis  of  electrical  mcM- 
urements. 

Measuring  Tape.— A  narrow  tape  or 
ribbon  enclosed  in  a  circular  casing  from 
which  one  end  is  drawn  out  as  required 
for  measurement.  Tapes  vary  from  25 
to  1(X)  feet  in  length  and  are  made  of  Knen 
strengthened  with  wire,  and  also  of  ribbon 
steel.  Tapes  alter  in  length  with  the  moisture  in 
the  atmosphere,  but  should  not  be  more  *i*»^ 
i  inch  out  of  their  total  length  at  any  time.  They 
are  used  for  outdoor  work,  for  taking  eireum- 
ferences  or  are  measurements  of  lajqge  pieosa  of 
work. 

Mechanical  Air  Pnmp. — ^A  machine  for 
pmnping  air.    A  vacuttm  pump. 

Mechanical  Characteristic  of  Motor. 

— ^A  characteristic  curve  in  which  the 
torque  and  speed  of  a  motor  are  taken 
as  co-ordinates. 

Mechanical  Circuit  Closer. — A  mechan- 
ism for  closing  a  circuit,  operated  without 
the  aid  of  electricity. 

Mechanical  Cut  Ont.— A  cut  out  which 

acts  mechanically  instead  of  electrically. 

Mechanical  Depolariaatlon.— A 

method  of  preventing  polarization  of  a 
voltaic  cell  bv  merely  agitating  it,  or  by 
lifting  the  cathode  plate  now  and  then  into 
the  air. 

Mechanical  Draft.— Artificial  draft  for 
furnace  fires  obtained  by  mechanical 
means.  Mechanical  draft  is  not  only  em- 
ployed as  a  supplement  to  chimney  draft 
but  often  as  a  substitute  for  it.  It  may  be 
produced  by  means  of  steam  jets  inducing 
a  flow  of  air,  by  blowing  engines,  by  air 
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compressors,  by  positive  rotary  blowers, 
and  oy  fan  blowers  or  exhausters. 

Mechanlcfcl    Effects   in   Dielectric. — 

Aoeording  to  Siemens,  the  glass  of  a  Leyden 

jar  is  warmed  after  being  several  times 

raoidl^r    charged    and    discharged,    from 

nfeph  it  would  appear  that  the  changes  of 

stBin  in  the  dielectric  are  accompanied  by 
ft  molecular  movement.  Nothing  is  uiown  as  to 
tb»  precise  nature  of  the  molecular  or  mechanical 
opeimtions  in  the  dielectric  when  subjected,  to  an 
eleetoostatio  inductive  stress.  A  click,  similar  to 
that  heard  when  an  iron  bar  is  magnetized,  is 
audible  when  a  Leyden  jar  is  discharged. 

Meeluuiieal  Effects  of  Discharge. — 

The  discharge  of  electricity  from  a  con- 
ductor is  influenced  somewhat  by  the 
shape  of  the  terminals  when  the  discharge 
takes  place.  An  electric  machine  capable 
of  giving  a  long  spark  when  the  knuckle  is 
presentea  to  tiie  knob,  will,  on  fastening  a  needle 
to  the  oonductor,  discharge  the  electricity  so 
effectually  at  its  point  that  only  very  short  sparks 
can  be  drawn  at  the  knob,  while  a  fine  brush  or 
jet  of  pale  blue  light  will  appear  at  the  poinc.  An 
air  current  is  set  up  of  sufficient  intensity  to  blow 
aside  the  flam^  of  a  lighted  candle  when  brought 
near.  The  air  current  can  be  felt  by  the  hand 
and  is  due  to  a  mutual  repulsion  between  the  elec- 
trified air  particles  near  the  point  and  the  electric- 
ity ooUected  on  the  point  itself. 

Meduuilcal  Effects  of  Maffnetiaatioa. 

— It  was  discovered  by  Joule  that  a  bar 
of  iron  will  increase  rmmf  ^^  i^  original 
length  when  magnetized,  and  according  to 
Bi^irell,  it  will  contract  again  when  hishly 
magnetized.  When  rods  are  stretched  bv 
a  weUit,  they  contract  more  when  magnetised* 
than  do  unstretched  rods. 

Another  mechanical  effect  of  magnetisation,  is 
the  faint  metallic  click  heard  when  a  bar  is  either 
magnetised  or  demagnetised  Ma«petism  ia  ac- 
eompanied  by  internal  friction,  as  is  evident  by 
the  Beating  at  a  bar  when  magnetised  and  de- 
maipietbed  in  rapid  succession. 

Sir  W.  Qrove  showed  that  water  containing 
finely  divided  macpetio  oxide  of  iron,  becomes 
elear  on  magnetising  in  the  direction  of  the 
magnetisation,  indicating  that  the  particles  of 
iron  set  themselves  end-on,  thus  allowing  more 
1i|^t  to  pass  between  them.  A  piece  of  iron 
wnen  twisted,  teada  to  untwist  on  being  power- 
fully magnetised. 

Mechanical  EquiTaleat. — A  heat  unit; 
the  mechanical  ener^  equal  to  the  heat 
neoessarv  to  raise  1  lb.  or  water  1  degree 
Fahr.  Discovered  by  James  Prescott 
Joule  of  Manchester,  it  was  given  a  value 
of  772  foot  poimds,  but  many  further  re- 
searehes  have  given  the  value  of  778  foot 
pounds  as  the  mechanical  equivalent. 

Maehanleal  Eqaivaleat  of  Heat. — 1. 

The  amount  of  work  which  a  unit  of  heat 
can  perform. 


2.  The  mechanical  energy  required  to 
raise  the  temperature  of  a  imit  weight  of 
water  one  degree;  also  called  Joule's  equiv- 
alent, 

Mecliaiiical    Equivalent    e#  Li^ht* — 

The  amount  of  mechanical  energy  in  a  unit 
quantity  of  hght. 

Mechanical  Friction  of  Djraamo* — ^The 
friction  of  the  bearings,  armature  brushes, 
and  other  moving  contacts  of  a  dynamo. 

Mechanical  Magrnet  Li^htning^ 
Arreuter* — A  lightning  arrester  with  a 
mechanism  operated  by  an  electromagnet. 

Mechanical  Mine. — A  submarine  mine 
provided  with  such  mechanism  that  an  ex- 

Elosion  results  from  the  impact  of  a  col- 
ding  vessel. 

Mechanical  Pow^ers. — ^These  are  six  in 
number:  1.  The  lever.  2.  The  wheel  and 
axle.  3.  The  pulley.  4.  The  inclined  plane. 
6.  The  screw.    6.  The  wedge. 

Mechanical    Recorder    Meter. — Any 

meter  registering  mechanically. 

Mechanical  Sealing. — ^A  mechanical 
method  of  sealing  the  bulb  of  an  incan- 
descent lamp  after  the  air  has  been  ex- 
hausted from  it. 

Mechanical  Stoker. — ^An  appamtus  oon- 
structed  to  feed  and  stir  the  fire  automat- 
ically, thus  relieving  the  firemen.  The 
Erincipal  parts  of  the  machine  are:  (1)  The 
opper,  which  may  be  filled  either  by  hand 
shoveling  or  by  elevating  and  conveying 
machinery;  (2)  the  conveyor  screw,  which  forces 
the  ooal.  or  indeed,  any  description  of  fuel,  for- 
ward to,  (3)  the  magasme,  (4)  a  driving  mecha- 
nism, which  is  a  steam  engine  arranged  oon- 
venienthr  in  front  of  the  hopper,  (5)  the  retort* 
so  called  from  its  being  the  ]^lace  (above  the 
conveyor)  where  the  coal  is  distilled  into  gas. 

Mechanical  Telegraph.  —  A  form  of 
automatic  telegraph  in  which  the  paper 
ribbon  bearing  the  dots  and  dashes  of  the 
message  passes  under  a  key  or  stylus,  and 
mechanically  makes  and  breaks  the  circuit 
as  it  passes  through. 

Mechanical  Telefi^i^a'Phic  Intermpter. 

— ^A  simple  mechanical  sounder  employed 
as  a  practice  instrument  for  learners  in 
telegraphy. 

Mechanical  Telephone.  —  A  simple 
device  for  conve3dng  conversation  a  short 
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distance  along  a  wire  or  string  by  mere 
mechanical  vibrations;  a  toy  telephone. 

Mechanical  Theory  of  Heat. — In  phys- 
ics, heat  and  mechanical  force  are  said  to 
be  identical  and  convertible.  Independ- 
ently of  the  medium  through  which  heat 
may  be  developed  into  mechanical  action, 
the  same  quantity  of  heat  is  resolved  into 
the  same  quantity  of  work. 

Mechanical  Torpedo. — A  torpedo  which 
is  exploded  by  the  impact  of  collision. 

Mechanical  Vibrator. — A  make  and 
break  mechanism  acting  mechanically. 

Mechanical  Worh. — Work  is  the  product 
of  a  force  bv  the  distance  through  which  it 
acts  to  proauce  motion.  The  unit  of  work 
is  thejToo^  poundf  or  the  work  done  in  rais- 
ing one  pound,  one  foot.^  In  the  C.  G.  S.,  or 
absolute  svstem  of  physical  measurements, 
the  unit  of  work  is  the  erg,  being  the  work 
done  in  overcoming  a  force  of  one  dyne 
through  a  distance  of  one  centimeter. 

Mechanics. — 1.  The  theory  of  machines. 
2.  The  science  dealing  with  forces  and 
their  action  upon  matter.  This  is  the 
modem  view  of  the  science,  and  it  is  usual 
to  regard  mechanics  as  divided  into  two 
branches:  kinematics  and  dynamics.  The 
former  treats  of  motion  alone  without  reference 
to  the  forces  which  produce  those  motions,  the 
latter  is  sub-divided  into  sUUica  and  kinetics,  the 
first  dealing  with  forces  acting  upon  bodies  at 
rest,  the  second  with  moving  bodies. 

Medical  Battery. — ^A  form  of  induction 
coil  in  combination  with  a  ciurent  source, 
employed  in  the  medical  application  of 
electricity.  It  is  always  of  low  power  so 
that  the  maximum  E.  M.  F.  generated  in 
the  secondary  shall  not  be  dangerous  to 
the  patient. 

Medical  Electricity. — The  application  of 
electricity  in  the  treatment  and  cure  of 
disease;  electro-therapeutics.  Discontinu- 
ous currents  are  employed  to  stimulate  the 
nerves  in  paralysis  and  other  affections. 
In  restoring  persons  from  drowning,  elec- 
trioity  may  be  used  to  assist  the  contraction  of 
the  diaphragm  and  chest  muscles  in  order  to  start 
respiration. 

Continuous  currents,  which  produce  a  sedative 
effect  around  the  anode,  are  of  value  in  cases  of 
neuralgia  and  other  painful  affections,  also  useful 
to  disperse  tumors.  The  nerves  are  stimulated 
by  alternate  currents  as  well  as  by  rapidly  inter- 
rupted uni-directional  currents. 

Medical  Induction  Coil. — ^In^  electro- 
therapeutics, an  induction  coil  suitable  for 
producing  faradic  currents. 


Medical  Mai^eto  Generator. — In  elec- 
tro-therapeutics, a  small  magneto  for  pro- 
ducing faradic  currents. 

Meff  or  Mei^ — ^A  prefix  to  a  unit  of 
measurement  to  denote  one  million  times 
that  unit. 

Me^^a-dyne. — ^A  unit  of  force  equal  to  one 
miUion  dynes, 

Me^^-jonle. — ^A  unit  of  electrical  energy 
equal  to  one  miUion  joules, 

Mecpalascope*  Eleistric. — ^An  instrument 
provided  with  a  magnifying  apparatus,  for 
the  medical  examination  of  the  internal 
cavities  of  the  human  body. 

Me^aline. — ^A  convenient  term  employed 
in  considering  lines  of  electromagnetic  flux. 
A  megaline  being  equal  to  one  miUion  lines. 

Meg^Tolt. — ^A  unit  of  electromotive  force 
equal  to  one  miUion  voUs, 

Mega-'weber. — A  unit  of  magnetic  fliix 
equal  to  one  miUion  toebers, 

Meger^. — ^A  unit  of  work  equal  to  one 
rmUion  ergs. 

Mefl^hm. — A  unit  of  electrical  resistance 
equal  to  one  miUion  ohms. 

Meffohm  Box. — ^A  resistance  box  provided 
with  coils  capable  of  offering  a  resistance 
of  one  million  ohms. 

Meg^hmit. — An  insulating  material  which 
is  prepared  in  various  forms,  viz.:  (a)  thin 
sheets  of  mica  built  up  with  shellac,  called 
hard  megohmit;  (b)  sheets  of  mica  stuck  to- 
gether by  vegetable  adhesives,  called 
flarible  megohmit;  (c)  flexible  megohmit 
covered  with  Japanese  paper,  called  mica 
paper;  and  (d)  flexible  megohmit  covered 
with  linen,  called  mica  linen. 

Mefl^hm  Mile. — An  insulation  resistance 
in  wire  equal  to  a  megohm  per  mile. 

Melting  of  Electric  Conductor. — ^The 
fusing  of  a  conductor  owing  to  excessive 
electncal  heat. 

Melting  Point. — The  temperature  at 
which  a  substance  begins  to  fuse,^  that  is, 
to  change  from  a  sohd  to  a  liquid  state. 
The  melting  points  of  a  few  well  known 
substances  are  as  follows: 
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TABLE. 


Mereuiy 30^  F 

Ice 32 

Tallow 92 

Wax 142  to  164 

Sulphur .230 

AUoy,  1  tin,  1  lead 

370  to  466 


Tin 442  to    4460 

Lead...  608  to  618 
Silver... 1733  to  1873 
Copper. .  1029  to  1996 
Steel. ...2372  to 2632 
Wrought  Iron 

2732  to  2912 


F 


Membrane  DiflVisioii. — When  two  differ- 
ent liquids  are  separated  from  each  other 
by  a  membrane  or  other  porous  partition, 
there  arises  a  tendency  for  the  fiauids  to 
pass  through  the  membrane.  Tnis  dif- 
fusion through  a  membrane  is  usually 
termed  osmose  or  osnums. 

Membrane    Telephone    Receiver. — ^A 

primitive  form  oi  telephone  receiver  em- 
ploying a  membranous  diaphragm. 

Mensuration. — ^The  art  of  measuring 
things  which  occupy  space;  the  art  b  parti v 
mechanical,  and  partly  mathematical, 
hence  can  be  illustrated  with  drawings  to 
aid  in  the  better  understanding  ^  of  the 
arithmetical  problems  connected  with  it. 

M.  E.  P. — Abbreviation  expressing  the 
mean  effective  pressure  of  the  steam  in  the 
cylinder  of  an  engine.  It  is  the  mean  for- 
ward pressure,  less  the  mean  back  pressure. 

Merenrial  Air  Pump. — An  exhausting 
pump  which  depends  for  its  action  upon 
the  formation  of  a  vacuum  at  the  top  of 
a  barometer  tube  by  the  flow  of  a  column 
of  mercury.  The  most  effective  form  is 
the  Sprengel  pump. 

Merenrial  Oommntation. — Changing  the 
direction  of  an  electric  current  through 
a  mercurial  contact. 

Merenrial  Contact. — ^An  electrical  con- 
tact made  by  the  use  of  mercury. 

Mercurial  Phosphorescence. — A  term 
formerly  applied  to  the  fluorescent  light  of 
a  column  of  mercury  in  a  vacuum  tube. 

Mercurial  Temperature   Alarm. — An 

apparatus  for  givmg  alarm  by  the  use  of  a 
mercury  contact  under  given  increase  of 
temperature. 

Mercurial  Thermometer. — Consists  of 
a  stem  or  tube  of  glass,  formed  with  a 
bulbous  expansion  at  the  foot  to  contain 
the  mercury  which  expands  into  the  tube. 
A  sufficient  quantity  of  mercury  having 
been  introduced,  it  is  boiled  to  expel  air 


nd  moistan,  and  the  tabe  is  hermetieally  sealed. 
The  freeaing  and  the  boiling  points  on  the  scale 
are  then  determined,  ie8|>eotively,  by  immersing 
the  thermometer  in  meltins  ice.  and  afterwards 
fai  the  steam  of  water  bouing  under  the  mean 
atmospheric  pnssure*  14.7  pounds  per  square 
inch,  and  finally  marking  the  two  hdghts  of  the 
column  of  mercury  in  the  tube.  Toe  interval 
between  these  two  points  is  divided  into  180 
degrees  for  Fahrenheit's  scale,  or  100  degrees  for 
the  Centigrade  scale,  and  degrees  of  the  same 
interval  are  continued  above  and  below  the  stan- 
ard  points  as  far  as  may  be  necessary. 

Mercurial  Thermostat. — ^An  apparatus 
for  dodng  an  electric  circuit  by  means  of  a 
mercurical  contact  effected  by  the  expan- 
pansion  of  mercury  when  heated. 


_  » — Often  known  as  quicksilver.  A 
silvery  white  metal;  melts  at  39^  and  boils 
at  358^  F.  It  unites  with  oxygjen  at  a  tem- 
perature near  its  boiling  point  forming 
crvstalline  red  oxide,  and  umtes  with  many 
substances  even  at  the  ordinary  tempera- 
ture. Combinations  with  other  metals  are  called 
avuUoams.  Mercury  is  largely  used  in  thermom- 
eters,  barometers,  air  pumps,  standard  cells  and 
other  electrical  apparatus.  It  is  a  good  con- 
ductor of  etectridly. 

Mereury  Air  Pump. — ^A  pump  for  pro- 
ducing a  vacuum,  consisting  essentially  of 
a  small  vertical  tube  leading  from  a  reser- 
voir of  mercury  at  its  top,  the  vessel  to  be 
exhausted  being  attached  to  the  side  of  the 
tube  near  the  top,  so  that  the  suction  of  the 
falling  mercury  exhausts  the  air;  the 
Geissler  or  Sprengel  mercurial  pump. 

Mereury  Arc  Rectifier. — ^The  same  as 
mercury  vapor  converter. 

Mercury  Barometer.  —  An  instrument 
for  measuring  and  indicating  the  pressure 
of  the  atmosphere  by  showing  the  effect  of 
the  air  pressure  upon  a  column  of  mercury 
in  a  graduated  glass  tube. 

Mercury  Bichromate  Cell. — A  primarv 
cell  of  the  Poggendorff  t3rpe,  the  Fuller  cell 
being  the  best  known  representative. 
Mercury  is  employed  to  amalgamate  the 
zinc  electrode  in  a  porous  cup,  and  a  solu- 
tion of  bichromate  of  potash  as  depolarizer 
surrounds  the  carbon  m  the  outer  jar. 

Mereurjr  Circuit  Breaher. — ^An  auto- 
matic circuit  breaker  employing  a  mercurv 
cup;  the  circuit  is  closed  and  opened  al- 
ternately as  a  connecting  wire  dips  into  and 
rises  from  the  mercury. 

Mercury  Coherer. — In  wireless  teleg- 
raphy, a  form  of  self-restoring  coherer 
containing  a  plug  of  iron  between  two 
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plugs  of  carbon,  with  a  globule  of  mercury 
m  the  spaces  between  the  plugs. 


Cup. — A  cup  or  cavity  filled  with 
mercuiy  ana  forming  an  electrode  of  a  cir- 
cuit, so  that  by  dipping  another  terminal 
into  it,  a  very  good  electrical  connection  is 
obtained. 

Merenry  6an^« — ^Any  pressure  gauge  in 
which  a  column  of  mercury  is  employed  to 
give  the  indications. 

Mercury  Switchboard* — ^A  switchboard 
fitted  with  mercurial  contacts. 

Mercury  Vapor  OoBTorter* — ^A  device 
for  changing  alternating  into  direct  cur- 
rent, invented  by  Peter  Cooper  Hewitt.  It 
consists  of  a  highly  exhausted  glass  bulb 
fitted  with  two  iron  electrodes  in  bottle 

shaped  glass  shields  and  two  electrodes  of 
mercury.  The  two  ezteMsI  circuits  of  an  auto- 
transformer  are  connected  with  the  iron  electrode, 
while  the  internal  terminals  are  connected  to  the 
supply  circuit.  Thiei  type  of  converter  is  espe- 
cially useful  in  charging  storage  battexies;  also 
known  as  mercury  arc  rectifier. 

Mercury  Vapor  Lamp. — ^A  lamp  consist- 
ing of  a  vacuum  glass  tube  about  an  inch  in 
diameter  and  four  feet  long,  with  platinum 
leading-in  wires  sealed  into  the  ends  con- 
necting with  an  anode  which  consists  of  a 

grid  or  a  small  quantity  of  mercury  at  one 
end.  and  a  cathode  of  mercury  at  the  other;  when 
an  electric  current  is  passed,  the  mereury  is  vap- 
orised and  the  vapor,  heated  to  incandescence, 
emits  an  intense  light;  the  Cooper-Hewitt  lamp. 

Meridian. — Any  great  circle  assumed  to 
pass  over  the  earth's  surface  through  the 
poles  and  at  right  angles  to  the  equator. 

Mesh  Oroupin^^. — In  a  polyphase  circuit, 
a  method  of  winding  the  armature  coils 
so  that  they  are  close  together  forming  a 
closed  circuit,  and  having  the  Une  wire 
attached  to  the  points  of  junction  between 
the  coils. 

Meeeag^e  Wire. — In  a  raiiway  block 
system,  a  wire  for  sending  local  messages 
along  the  road. 

Messenger  Call  Box. — ^A  box  electrically 
connected  with  a  central  office  for  calling 
messengers,  policemen,  firemen,  etc.  Each 
box  has  make  and  break  attachments  which 
are  operated  by  turning  a  crank,  thereby 
transmitting  to  the  central  oflSce  a  number 
corresponding  to  that  of  the  signaling  box. 

Meeeeng^er  Strand. — One  of  the  strands 
of  a  messenger  wire. 


Messenger  Wire. — ^A  steel  rope  stretched 
tightly  between  poles  for  the  purpose  of 
supporting  aerial  cables  which  do  not  have 
sufficient  strength  to  support  their  own 
weight. 

Meseen^r  Wire  Clamp. — ^A  device  by 
which  a  messenger  wire  is  supported,  and 
secured  to  the  poles  which  carry  it. 

Metal. — ^An  element  that  forms  a  base  by 
combining  with  oxygen.  It  is  usually  a 
good  conductor  of  heat  and  electricity: 
generally,  hard,  heavv,  malleable  ana 
tenacious.  Metals,  as  Jmown  to  the  an- 
cients were:  gold,  sUver,  copper,  iron,  tin 
and  lead. 

Metallic  Are. — An  electric  arc  maintained 
between  electrodes  composed  of  metal. 

Metallic  Circuit. — ^An  electric  circuit  not 
employing  a  ground  return;  a  circuit  form- 
ed of  metallic  conductors  throughout. 

Metallic  Circuit  Plus. — A  telephone 
switchboard  plug  which  makes  connec- 
tions with  a  metallic  circuit  b}r  double 
conductors,  one  attached  to  the  tip  of  the 
plug,  and  the  other  to  its  sleeve. 

Metallic  Coating^. — A  coating  or  layer  of 
metal  deposited  by  electrolysis. 

Metallic  Conducting  Joint* — A  joint  in 
a  metallic  conductor,  so  fitted  as  not  to 
disturb  its  conductivity. 

Metallic  Conduction. — The  flow  of  elec- 
tricity through  a  metal  conductor,  as  con- 
trasted with  its  passage  through  an  electro- 
lyte or  through  the  earth. 

Metallic  Connection. — An  electrical  con- 
nection established  through  conductors 
of  metal. 

Metallic  Contact. — ^An  electrical  contact 
obtained  ^by  touching  one  metallic  con- 
ductor with  another. 

Metallic  Contact  of  Cable. — A  fault  in 
a  submarine  cable  caused  by  the  accidental 
contact  of  its  core  with  its  metal  sheath. 

Metallic  Electrodes. — In  electro-thera- 
peutics, suitably  shaped  electrodes  of  metal. 

Metallic  Filament  Lamp. — An  incan- 
descent lamp  employing  for  its  fiJIament, 
instead  of  carbon,  a  thread  of  one  of  the 
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rare  metals,  such  as  tantalum,  timgsten 
or  osmium,  which  have  extremely  high 
melting  points. 

Metallic  Reluetivit^. — The  reluctivity  of 
a  metallic  body  considered  with  regard  to 
the  metal  apart  from  the  ether  which  per- 
vades it. 

Metallic  Reeietance* — The  resistance 
offered  by  metallic  conductors. 

Metallic  Solution. — ^A  liquid  holding  a 
metallic  salt  dissolved  in  it. 

Metallisation. — ^The  process  of  applying  a 
film  of  plumbago  or  oronze  powder  to  a 
non-conducting  surface  in  order  to  prepare 
it  for  the  deposit  in  electrotyping. 

Metallised  Filament. — A  carbon  lamp 
filament  which  has  been  heated  to  an  ex- 
tremely high  temperature  in  a  carbon  tube 
electric  furnace  before  and  after  flashing. 

Metallised  Filament  Lamp. — ^An  incan- 
descent lamp  emploj^g  a  carbon  filament 
which  has  been  subiected  to  an  excessive 
heat  in  a  form  of  electric  furnace,  so  that 
the  texture  of  the  filament  has  more  of  the 
characteristics  of  a  metal  than  of  carbon. 
Metallized  filament  lamps  operate  at  a  much 
higher  temperature  and  show  greater  efficiency, 

Sroducing  a  white  light,   than  ordinazy  carbon 
lament  lamps. 

Metallising^. — ^Applving  metallizati(Hi  to  a 
non-conducting  surface. 

Metallochromes. — Symmetrical  rings  of 
varied  colors  due  to  deposits  of  lead 
peroxide,  observed  by  NobiU  in  his  ex- 
periments in  electrolyzing  a  solution  of 
lead;  NobUi'a  rings. 

Metallospraphjr* — ^The  science  of  examin- 
ing prepared  metallic  surfaces  under  the 
microscope.  After  careful  polishing  and 
pinding  to  a  smooth  surface,  the  structure 
IS  brought  out  by  etching  with  acid,  the 

surface  being  preserved  for  subsequent  ex- 
amination by  a  coat  of  transparent  varnish.  By 
this  method  of  investigation,  the  crjrstalline  struc- 
ture of  metals  has  been  demonstrated  and  the 
behavior  of  the  niolecules  under  stresses  or  hard- 
ening and  annealing  is  made  apparent^ 

Metalloid. — A  term  applied  to  certain 
elements  which  present  Doth  metallic  and 
non-metallic  characteristics,  thus  partak- 
ing of  the  properties  of  both  metals  and 
non-metals.  Antimony,  arsenic  and  td- 
lurium  are  examples. 


Metallnrgjr* — The  science  which  treats  of 
the  reduction  of  metals  from  their  ores; 
dectr(Mnetalkargy. 

Metals. — ^The  six  metals  known  to  the 
ancients  were  gold^  silver,  copper,  tin,  iron 
and  lead,  and  their  properties  gave  shape 
to  the  idea  of  a  metal,  namely:  an  unde- 
composable  element  possessing  weight, 
opacity,  a  peculiar  luster,  conductivity  for 
heat  and  electricity,  and  ductility. 

Metal  Voltameter. — A  name  sometimes 
given  to  a  silver  or  copper  voltameter  which 
measures  an  electric  current  by  the  amount 
of  metal  deposited  by  electrolysis. 

Meteoric  Iron. — ^Masses  of  nearly  pure 
iron  found  in  various  parts  of  the  world, 
varying  in  weight  from  a  few  pounds  to 
many  tons.  Containing  1  to  2  per  cent  of 
nickel,  having  twice  as  much  combined  hy- 
drogen as  ordinary  malleable  iron,  and  be- 
ing generally  oxidised  outside  with  an  unoxidiied 
interior,  it  is  shown  to  be  of  extra  terrestrial 
origin,  that  Is,  it  is  thrown  off  by  some  other 
planet,  or  is  encountered  by  the  earth  on  its 
orbit,  having,  formed  part  of  one  of  those  shoals 
of  wandering  bodies  Imown  as  meteorites,  which, 
flaming  through  friction  with  the  atmosphere, 
become  "shooting  staxs." 

Meteorite. — ^A  mass  of  stone  or  metal  that 
has  become  detached  from  some  celestial 
body  and  fallen  upon  the  earth. 

Meteorograph,  Electric. — ^An  apparatus 
for  making  continuous  observations  of 
meteorological  phenomena  and  electri- 
cally recording  the  same,  so  that  the 
changes  of  temperature,  the  direction  and 
velocity  of  the  wind,  the  height  of  the  ba- 
rometer, the  rainfall,  etc.,  are  automatically 
and  continuously  registered. 

Meteorology. — ^That  branch  of  physics 
which  is  concerned  with  the  study  of  at- 
mospheric phenomena. 

Meteorology*  Electric. — ^That  part  of 
meteorology  dealing  with  the  electrical 
phenomena  of  the  atmosphere. 

Meter. — A  unit  of  length  in  the  metric 
system.  It  is  equal  to  that  of  a  standard 
platinum  bar,  kept  in  Paris,  and  repre- 
senting approximately  a  ten-millionth  part 
of  a  quadrant  of  the  earth's  meridian 
measured  from  the  equator  to  the  pole 
through  Paris;  one  hundred  centimeters  or 
39.37  inches. 

Meter  Bridge. — ^A  fonn  of  Wheatstone's 
bridge  for  measuring  low  resistances  in 
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which  a  slide  wire  is  stretched  over  a  scale 
one  meter  in  length;  a  dide  wire  bridge. 

Meter  Candle. — ^A  unit  of  illumination 
e^ual  to  the  light  of  a  standard  candle  at  a 
distance  of  one  meter. 

Meter,  Electric* — ^In  the  commercial  dis- 
tribution of  electricity,  an  instrument  for 
measuring  and  recoraiiig  the  quantity  of 
electricity  supplied  to  a  consumer. 

Meter  Gram. — ^Matthieasen's  standard  of 
resistance  in  wire,  being  the  resistance  of- 
fered by  one  meter  of  pure  copper  wire  of  a 
(Uameter  such  as  to  weigh  one  gram  per 
meter,  and  equal  to  0.1417  international 
ohm  at  0^  0. 

Meter  Gram  ReeistlTity. — ^A  term  de- 
noting the  electric  resistance  of  a  \miform 
mass  one  meter  long,  and  having  a  weight 
of  one  gram.  It  is  resistivity  expressed  in 
terms  of  length  and  mass. 

Meter  Millimeter* — ^A  standard  of  resis- 
tance in  wire;  it  is  the  resistance  offered  by 
a  meter's  length  of  wire  having  a  diameter 
of  a  millimeter. 

Meters* — ^The  supply  of  electric  current  to 
consumers  is  measured  by  meters,  of  which 
there  are  several  types,  such  as,  inUgrating, 
chemical,  motor  and  retarded  dock  meters. 

An  iQtegnitixi^  meter  oonsistB  of  »  dock  which 
drives  a  countaog  appaxatus  through  an  inter- 
mediate gear  operated  by  the  current. 

The  princiole  of  a  chemical  meter  is  that  tiie 
current  or  a  known  fraction  of  it  paasee  through 
an  electrolytic  cell  and  deposits  copper  in  some 
tyvfiB  and  dissolves  sine  in  others.  Hie  ohemioal 
action  depends  on  ihe  ampere  hours. 

In  a  motor  meter*  the  current  passes  tiiroagh 
the  armature  of  a  small  motor  which  has  a  con- 
stant field. 

The  speed  of  the  motor  is  ocmtrolled  by  fluid  * 
friction  and  is  proportional  to  the  intensity  of  the 
current.    A  suitable  counting  sear  attached  to 
the  motor  indicates  the  ampere  hours. 

A  retarded  clock  meter  operates  by  the  action 
of  the  current  on  the  clock  movement.  The  our* 
rent  flows  under  a  magnetic  pendulum  bob.  Anv 
force  thus  added  or  subtracted  from  gcaviiiy  will 
cause  the  dock  to  gain  or  lose. 

Meter  Sealin^p  TooL — ^A  tool  for  applying 
a  lead  seal  to  an  electric  meter  to  pcevent 
its  being  tampered  with. 

Method  of  Measurement* — In  eleotrio 
lighting  stations,^  to  indicate  the  amount  of 
current  flowing  in  the  circuit,  an  ammeter 
is  inserted  in  series  in  one  of  the  mains 
and  with  the  lamps,  and  therefore  the 
whole  of  the  current  passing  to  the  lamps 


passes  through  the  ammeter,  and  is  measured  by 
the  latter.  A  voltmeter  is  connected  across  the 
two  main  leads,  or  in  shunt  with  ^e  dynamo,  and 
measures  the  difference  of  potential  beti^een  the 
two  mains  in  volts.  By  taking  simultaneous  read- 
ing of  the  voltmeter  and  ammeter,  the  eneigy 
being  expended  in  the  circuit  can  be  ascertainML 
For  example,  suppose  the  voltmeter  to  indicate 
100  volts,  and  the  ammeter  100  amperes,  tfien 
(by  the  equation  EC=W).  100X100=10.000  watta 
aie  bdng  expended  in  the  circuit  The  output 
of  dynamos  is  usually  expressed  in  watts,  as  wis 
•  Indicates  the  actual  dbctrical  power  given  by  the 
machine,  irrespective  of  the  strength  of  the  cur- 
vent,  or  its  pressure,  which  may  be  varied  to  any 
extent  so  long  as  their  product  remains  constants 

Method  of  ReeoiL — ^A  method  of  measur- 
ing a  discharge  by  the  amount  of  recoil 
of  the  needle's  swing  in  a  ballistic  gal- 
vanometer. 

Method  of  Slow  Dtseharffe. — ^A  method 
of  testing  the  insulation  of  une  by  measur- 
ing the  rate  of  leakage  from  the  conductor 
when  left  insulated. 

Methvea  Sereen. — ^An  upright  metal 
screen  pierced  with  a  narrow  rectangular 
aperture,  and  fixed  opposite  the  flame  of 
an  Argand  burner,  for  the  piupose  of  es- 
tablishing a  standard  of  illuminating  power. 

Metric  System* — ^The  system  of  measure- 
ment, first  adopted  in  France,  now  univer- 
sally employed  in  scientific  practice,  in 
which  the  meter  is  the  fundamental  unit 
of  length;  all  the  units,  both  fundamental 
and  derived,  are  divided  decimally,  and 
higher  units  are  formed  in  multiples  of  ten. 

Mho. — ^A  unit  of  electrical  conductance, 
being  the  reciprocal  of  the  ohm,  the  unit 
of  resistance. 

Mho  Box.— A  box  for  measuring  conduc- 
tance in  mAos. 

Mhometer. — ^An  instrument  for  measuring 
electrical  conductance  in  terms  of  the  mho. 

Mica. — ^A  mineral  substance,  distinguished 
by  nearly  perfect  cleavage,  iargely  used  for 
insulating  i)urposes  because  of  its  excel* 
lent  properties  of  insulation  and  durability. 

Mica  is  citable  of  being  rolit  into  elastic  plates 
of  extreme  thinness.  It  Is  either  coIoxleBS  or 
presents  some  shade  of  li^t  brown,  gray,  smoky 
Drown,  black,  and  occasionally  green  or  vkdei. 
It  is  generally  more  or  less  transparent^ 

Mica  possesses  an  electrical  redstanee  of 
84,000,000.000.000  ohms  per  cubic  centimeter  and 
is  an  ideal  insulator,  except  for  the  fact  that  it 
frequently  contains  unpunties  that  reduce  its  di- 
electric cnBcienrar,  and  also  when  used  as  insula- 
tion for  spark  prags,  owing  to  its  laminated  strao- 
ture.  oil  and  gas  may  be  forced  by  the  praosurB  of 
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compraonoa  between  the  sheets  composixiff  the 
inaulatiiig  sheath,  thus,  m  tune,  producing  short* 
circuiting  of  the  current. 

MicAnite. — An  insulating  material  consist- 
ing of  small  pieces  of  mica  built  up  into 
sheet  form  by  shellac  cement  under  pres- 
sure. It  is  an  excellent  insulator,  and  is 
employed  in  making  induction  coils. 

Micro. — A  prefix  to  a  unit  of  measiu^ment 
to  denote  one-millionth  part  of  that  unit. 

Micro-ampere. — A  unit  of  current  equal 
to  one-millionth  of  an  ampere. 

Micro-coulomb. — A  unit  of  electric  quan- 
tity equal  to  one-millionth  of  a  coulomb. 

Miero-fkrad. — A  unit  of  electric  capacity 
equal  to  one-millionth  of  a  farad. 

Micro-g^bert. — ^A  unit  of  magneto-motive 
force  equal  to  one-millionth  of  a  gilbert. 

Micro  Oloir  Lamp. — A  name  for  a  dimin- 
utive incandescent  Uimp, 

Micro-ffrajphophone. — ^A  multiple  non- 
metallic  oiapliragm  phonograph  m  which 
separate  diaphragms  act  upon  a  single 
diaphragm  in  recording  the  speech,  so  that 
more  intense  vibrations  may  be  produced  in 
reproducing  sound. 

Microhm. — ^A  unit  of  resistance  equal  to 
one-millionth  of  an  ohm. 

Micrometer. — An  instrument  for  measur- 
ing minute  distances  and  angles,  consistmg 
usually  of  a  glass  slip  ruled  with  fine  hues 
and  controUed  by  an  accurate  screw  of 
fine  pitch.  For  instance,  one  twentieth  of 
a  revolution  of  a  screw  of  50  threads  to  the 
inch,  gives  ,q  \  ,^  or  advances  the  point 
nAnrinch. 

Micrometer  Eye  Piece. — An  eye  piece  of 
an  optical  instrument  provided  with  a 
micrometer  in  front  of  the  object  glass. 

Micrometer  Oan^. — An  accurate  form 
of  wire  gauge  consisting  of  a  voke  of  tem- 
pered steel  in  one  side  of  which  is  mounted 
a  graduated  thumbscrew;  the  screw  is 
turned  against  the  wire  to  be  measured  till 
a  Ught  contact  is  made  between  the  screw 
and  the  opposite  side  of  the  yoke. 

Micrometer  Microscope.-;-A  microscope 
having  a  micrometer  eyepiece  for  deter- 
mining its  magnifying  power. 


Micron. — ^A  unit  of  length  equal  to  one- 
millionth  of  a  meter  or  one-thousandth 
of  a  millimeter. 

Microphone.  —  An   electrical   device   for 

intensifying  sound  by  the  use  of  a  loose 

carbon  contact  between  two  conductors  in 

the  circuit  of  a  telephone  receiver.    Modem 

carbon  telephone  transmitters  embody  this 

principle,  and  are  essentially  microphones. 

One  form  of  microphone  consists  of  a  pencil  of 
battery  oarbocu  sharpened  at  both  ends,  and 
loosely  attached  m  sockets  hollowed  in  two  car- 
bon bloeka,  which  form  the  electrodes  of  the  in- 
strument. The  whole*  mounted  on  a  resonant 
sounding  board;  is  extremely  sensitive  to  minute 
sounds,  being  hterally.  as  its  name  indicates,  to 
small  sounds  what  the  microsoope  is  to  small 
objects. 

Microphone  Induction  CoiL — An  induc- 
tion coil  used  with  a  telephone  tranamiUer, 

Microphone  Relaar. — ^A  microphone 
combmed  with  a  telephone  so  that  a  mes- 
sage transmitted  over  the  telephone  is  re- 
peated by  the  microphone  over  another 
line 

Microphonic  Contact. — ^A  loose  contact, 
as  of  carbon  between  two  conductors  in  an 
electric  circuit,  in  order  to  magnify  sound, 
such  as  the  contact  of  granular  carbon  in 
a  telephone  transmitter. 

Microscope. — ^An  optical  instrument  pro- 
vided with  a  lens  or  a  combination  of 
lenses,  for  examining  objects  too  small  to 
be  observed  with  the  naked  eye. 

Microflcopic. — So  small  as  to  be  seen  only 
with  the  microscope. 

Micro-aeiamo^raph. — A  sensitive  elec- 
trical instrument  lor  indicating  and  record- 
ing slight  earthquake  vibrations. 

Micro-taaimeter. — An  instrument  for 
measuring  extremely  slight  temperature  or 
moisture  changes,  by  the  varying  pressure 
exerted  upon  a  carbon  button. 

Micro-telephone. — A  compact  form  of 
telephone  desk  set.  This  is  so  constructed 
that  the  transmitter  and  receiver  are  both 
mounted  upon  one  handle,  in  order  to  be 
conveniently  used,  in  whatever  position  the 
operator  may  be.  It  is  also  far  more  port- 
able than  the  familiar  standard  desk  set, 
and,  for  this  reason,  is  used  extensively  for 
army  telephones,  in  factories,  and  in  test- 
ing outfits. 
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Hicro-Tolt. — ^A  unit  of  electromotive  force 
equal  to  one-millionth  of  a  volt. 

Migration  of  Ions* — The  movement  of 
tne  ions  toward  their  respective  electrodes, 
which  takes  place  in  a  solution  during  the 
process  of  electrolysis, 

Mifi^ation    Velocities    of  Ions. — The 

unequal  velocities  with  which  ions  travel 
in  a  liquid  undergoing  electrolysis. 

MIL — ^A  imit  of  length  equal  to  one-thou- 
sandth part  of  an  inch,  used  especially  in 
the  measurement  of  diameters  of  wires. 

Mild  Steel.  —  A  class  of  steel  of  great 
tenacity  and  ductility  which  is  an  alloy  of 
iron  with  a  very  small  percentage  of  car- 
bon; it  has  a  crystalline  structure  and  is 
weldable  but  cannot  be  hardened.  Mild 
steel  is  used  for  the  cores  of  electromagnets. 

Mile  Ohm* — In  telephone  and  telegraph 
practice,  the  weight  of  a  piece  of  wire  one 
mile  long  having  a  resistance  of  one  ohm. 
The  poorer  the  conductor  the  greater  the 
weight  of  the  mile  ohm,  hence  the  weight 
per  mile-ohm  is  a  convenient  way  of  ex- 
pressing the  electric  conductivity  of  wires. 
To  ascertain  the  mileai^e  resistance  of  any  wire, 
divide  the  weight  per  mxU  ohm,  by  the  weight  oj 
the  wire  per  mile.  The  weights  per  mile  ohm  of 
different  grade?  of  line  wire  are  as  follows.  B.  B. 
wire,  about  5700  lbs. ;  £.  B  B.  wire,  about  5000 
lbs.;  steel  wire,  about  6500  lbs. 

Tiie  approximate  weights  per  mile  of  various 
OSes  of  galvanized  telegraph  wire  are  as  follows: 


No.  (Trenton  gauge) 

4 

5 

6 

7 

8 

Lbs ,  per  mile 

720 
9 

610 
10 

525 

450 

375 

No.  (Trenton  gauge) 

11 

12 
160 

13 

Lbs.,  per  mile 

310 

250 

200 

125 

Mil-foot. — ^A  standard  of  resistance  in  wire : 
it  is  the  resistance  of  one  foot  of  wire  hav- 
ing a  diameter  of  one  mil. 

Mili-ammeter. — An  ammeter  having  its 
scale  graduated  to  read  thousandths  of  an 
ampere;  also  spelled  milli-ammeter. 

MillL — ^A  prefix  to  a  unit  of  measurement 
denoting  one-thousandth  part  of  that  unit. 

Milli-ammeter. — ^An  instrument  for  meas- 
uring the  strength  of  an  electric  current  in 
terms  of  milli-amperes. 

Milli-ampere. — A  unit  of  electric  current 
equal  to  one-thousandth  of  an  ampere. 


MiUi-calorie. — ^A  heat  unit  e()uat  to  one- 
thousandth  of  a  greater  calorie;  the  lesser 
calorie, 

Milli-keniy* — ^The  thousandth  part  of  a 
henry. 

Millimeter. — ^A  unit  of  length  in  the  metric 
system  of  weights  and  measures  equal  to 
one-thousandth  of  a  meter,  or  .03937  inch. 


Milli-oersted. — One-thousandth    o  f 
oersted. 


an 


Milli-volt. — A  imit  of  electromotive  force 
equal  to  one-thousandth  of  a  volt. 

Milli-voltmeter. — A  voltmeter  for  measur- 
ing small  dififerences  of  potential  in  terms 
of  the  thousandth  part  of  a  volt. 

Mill  Po'wer. — ^A  term  used  to  designate  a 
unit  of  water  power  larger  than  horse- 
power. Its  value  varies  in  different  locali- 
ties. 

Mine  Exploder. — ^A  magneto  suitable  for 
exploding  a  blast. 

Mine  Locomotive. — A  form  of  electric 
locomotive  employed  in  mines.  It  consists 
usually  of  a  four  wheeled  truck  carrying  a 
motor  geared  to  one  axle.  It  is  providfed 
with  a  seat  for  the  driver,  a  headlight,  a 
short  trolley  pole  and  a  controller.  The 
current  is  taken  from  an  overhead  copper 
wire  with  return  by  the  rails. 

Mineral. — 1.  An  inorganic  substance,  gen- 
erally solid,  having  a  definite  molecular 
structure  and  chemical  comnosition,  and 
further  distinguishing  physical  characteris- 
tics, such  as  crys^llization,  cleavage, 
hardness,  fracture,  etc.,  any  inorganic  body 
forming  part  of  the  earth's  cnut;  anything  dug 
out  from  the  earth. 

2.  Having  the  character  of  a  mineraL  or  ob* 
tained  from  a  mineral  source. 

Mineral  Oil. — Oil  of  mineral  origin  is  either 
petroleum,  or  some  of  its  distillates.  It 
comes  from  oil  wells^  or  oil  bearing  shale. 
Its  widest  use  is  for  illuminating  purposes, 
but  it  is  also  extensively  employ^  for 
lubrication  of  machinery  in  situations 
where  it  is  impracticable  to  use  animal  oils, 
such  as  sperm,  or  lard. 

Miners*  Dial. — ^A  compass  provided  with 
a  magnetic  needle,  a  horizontal  dial  grad- 
uated to  360°,  and  sights  through  which 
stations  may  be  observed  in  order  to  as- 
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certain  the  direction  of  lines.  The  in- 
strument is  used  for  underground  survey- 
ing, hence  its  name. 

Wtiers*  Inch* — In  mining  laws  of  various 
regions,  the  quantity  of  water  that  will  pass 
an  opening  of  one  square  inch  in  twenty 
fear  nours,  under  a  head  of  six  inches. 

Miniature  Lamp. — 1.  Small  incandescent 
lamps  are  employed  as  signals  in  central 
ener^  telephone  switchboards.  They  are 
usually  of  one-third  candle  power,  tubular 
in  form,  mounted  in  opaque  tubes  provided 
with  glass  jewels.  The  terminals  of  the  fil- 
ament are  joined  to  metal  contact  pieces  on 
oppoflite  aides  of  the  bulb. 

2.  Diminutive  forma  of  incandoscent  lamps  are 
also  designed  for  adaptation  to  delicate  surgical 
operations. 

MInlwm, — ^The  red  oxide  of  lead  commonly 
used  to  paste  on  the  positive  pasted  plates 
of  a  storage  cell.  It  is  a  rare  mineral, 
occurring  as  a  pulverulent  decomposition 

groduct  of  other  lead  ores.     Minium  has 
een  found  in  small  quantities  in  many 
localities  where  galena  or  cerussite  occurs. 

Minotto*0  Cell. — A  modification  of 
Daniell's  cell,  dispensing  with  the  porous 
cup  and  adopting  the  gravity  principle,  in 
which  a  copper  disc  rests  on  the  bottom  of 
the  jar,  above  which  is  a  thick  layer  of 
cr^^tals  of  copper  sulphate,  then  a  mass  of 
moist  sawdust  upon  which  rests  a  zinc 
block. 

Minns  Charm. — A  negative  electric  charge 
which  is  indicated  by  the  minus  sign  ( — ). 
It  is  the  kind  of  electrification  that  is  de- 
veloped on  resinous  substances  by  rubbing 
with  flannel  or  fur. 

Miophene.  —  In  electro-therapeutics,  an 
apparatiis  for  examining  the  muscles. 

Mirror  OalTanometer. — A  very  delicate 
galvanometer  in  which  a  small  mirror  is 
attached  to  the  needle,  so  that  a  beam  of 
li^t  is  reflected  upon  a  scale,  and  the 
shghtest  motion  of  tne  needle  is  magnified; 
a  reflecting  galvanometer. 

Sir  William  Thomson's  mirror  galvanometer  has 
a  body  consisting  of  a  bobbin  on  which  is  wound 
a  ooiL  The  magnet  consists  of  one  or  more  small 
pieces  of  steel  watch  spring  attached  to  the  back 
of  a  light  ooncave  silvered  glass  mirror  weighing 
about  three  grains.  The  mirror  is  suspended  by  a 
cocoon  silk  nbre  within  the  coil.  A  curved  mag- 
net is  provided  which  counteracts  the  magnetism 
of  the  earth.  Opposite  the  galvanometer  is  placed 
the  scale*  and  a  beam  of  light  from  a  lamp  passes 
through  a  narrow  aperture  under  the  scale  and 
falls  on  the  mirror  from  which  it  is  reflected  upon 
the 


Mirror  Magnetometer. — A  magnetom- 
eter having  a  reflecting  mirror  and  scale, 
for  making  delicate  measurements  of  the 
earth's  magnetic  elements. 

Mirror  Receiver. — A  mirror  galvanom- 
eter for  receiving  signals  over  submarine 
cables. 

Misfiring^. — ^A  failure  to  ignite  on  the  part 
of  the  explosive  mixture  within  the  cyl- 
inder of  an  internal  combustion  engine, 
usually  caused  b^  a  weak  batteryi  partial 
or  entire  breaks  m  the  primary  circuit,  or 
almost  any  defect  in  the  ignition  system. 

Mixed  Circuit. — 1.  A  telephone  circuit 
combining  both  metallic  and  ground  re- 
turn. 

2.  A  circuit  in  a  system  of  mixed  distri- 
bution. 

Mixed  Circnit  Switchboard. — ^A   tele- 

Shone  switchboard  containing  both  metal- 
c  and  earth  return  circuits. 

Mixed  Distribution. — Electrical  distribu- 
tion combining  the  series  with  the  paraUel 
systems;  a  distribution  employing  multiple 
series  connection. 

Mixinff  Kejr. — A  key  employed  for  produc- 
ing the  charge  in  the  mixed  charge  capacity 
test  of  a  submarine  cable. 

Mixture. — A  general  term  for  the  fuel  of  an 
internal  combustion  engine  consisting  of  a 
compound  of  air  with  a  hydrocarbon.  A 
mixture  is  termed  **rich"  or  "fat,"  when 
it  contains  an  excess  of  gasoline,  and 
"poor"  or  "lean"  when  it  does  not  con- 
tain sufficient  gasoline. 


• — ^Abbreviation  for  millimeter. 


M*  M.  F* — ^Abbreviation  for  magneto  motive 
force, 

MobilitT"  of  Ions. — In  electrolysis,  the 
electrolyte  is  regarded  as  composed  of 
positive  ions  called  cations  and  negative 
ions  called  anions.  These  ions  move  along 
the  lines  of  electric  force  which  pass 
through  the  electrolyte  from  one  electrode 
to  the  other.  The  mobUity  or  migration 
velocity  is  the  speed  with  which  the  ions 
move  when  acted  upon  by  unit  force. 

Moderate    Speed    Generator. — A 

dynamo  intended  to  operate  at  a  moderate 
speed. 
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Modulus. — ^A  term  used  in  mathematics, 
mechanics  and  physics,  being  "a  number 
or  quantity  that  measures  a  force  or  effect, " 
hence,  the  primary  signification  of  mod- 
ulus is  a  measure;  tne  modulus  of  a  machine 
means  the  same  as  the  efficiency  of  it.  The 
modulus  of  a  machine  is  a  fonnula  (or  measure) 
expressing  the  work  a  given  machine  can  perform 
under  the  condition  under  which  it  has  been  con- 
strueted;  the  words  mode,  modeU  mould  are  kin- 
dred terms,  all  formed  from  the  same  root  word 
and  meanizig  somewhat  the  same.    Plural,  modulL 

Moist  CelL — A  type  of  cell  usually  known 
as  the  ''dry"  cell,  in  which,  instead  of  a 
liquid  electrolyte,  the  matenals  are  made 
up  into  a  damp  paste. 

Moist  Electrode. — In  electro-therapeutics, 
an  electrode  which  is  moistened  before 
application. 

Moisture  in  Steam. — ^It  is  important  to 
ascertain  the  quality  of  the  steam  in  mak- 
ing boiler  and  engine  tests.  When  the  con- 
denser test  cannot  be  made,  the  steam  may 
be  tested  by  a  calorimeter  as  follows:    A 

perforated  i  inch  pipe  is  inserted  into  the 
main  steam  pip«  near  uie  boiler.  Steam  is  taken 
through  this  pipe  and  led  through  a  hose  thor- 
oughly felted,  to  a  barrel  holding  400  lbs.  of  water, 
set  upon  a  platform  scale,  and  provided  with  a 
valve  for  allowing  the  water  to  flow  to  waste,  and 
with  a  small  propeller  for  stirring  the  water. 
After  weighing  barrel  and  water,  and  noting 
temperature  oT the  latter,  steam  is  turned  on  and 
the  nose  suddenly  thrust  into  the  water,  and  pro- 
peller operated  until  temperature  is  increased  to, 
say,  ll(r.  The  hose  is  quickly  withdrawn,  tem- 
perature noted  and  weight  again  taken. 

The  moisture  in  the  steam  may  then  be  calcu- 
lated as  follows: 

**=  ffT  [-^  (».-»)-(T-*0] 

in  which 

P=quality  of  the  steam,  saturated  steam  being 
uni^. 

H= total  heat  of  one  lb.  of  steam  at  observed 
piessure. 

T=  total  heat  of  one  lb.  of  water  at  temperature 
of  steam  of  the  observed  pressure. 

Jk=  total  heat  of  one  lb.  of  condensing  water, 
original. 

Ai= total  heat  of  one  lb.  of  condensing  water, 
finaL 

W=Wei^t  of  condensing  water,  corrected  for 
apparatus. 

to=weight  of  steam  condensed. 

Percentage  of  moi8tuze=l-Q. 

MoL — ^A  term  sometimes  used  for  gram- 
molecule,  the  number  of  fl;rams  of  a  sub- 
stance equal  to  its  molecular  weight. 

Molar  Attraction. — ^The  universal  attrac- 
tion which  all  bodies  exert  upon  each  other. 

Molar  Vibration  of  Telephone  Dia- 
phrapa. — ^The  vibration  of  the  mass  of 


the  diaphragm  in  a  telephone  transmitter 
as  distinguished  from  its  molecular  vibra- 
tion. 

Molecular  Accommodation. — ^The  ac- 
tion of  the  molecules  of  a  mass  of  iron  when 
subjected  to  a  magnetizing  force,  such  that 
they  seem  to  accommodate  themselves  to 
the  force,  with  the  result  that  the  iron, 
as  a  whole,  becomes  a  magnet. 

Molecular  Af^tation. — A  jarring  force 
applied  to  iron,  in  order  to  so  agitate  its 
particles  as  to  reduce  the  tendency  to 
magnetic  hysteresis. 

Molecular  Attraction. — ^The  attraction 
exerted  by  one  molecule  upon  another,  as 
apart  from  the  attraction  of  gravitation. 
Tne  cohesion  of  bodies  and  chemical  af- 
finities are  examples  of  this  force,  the  ten- 
sile strength  of  a  bar  of  steel  being  due  to 
the  attraction  which  its  molecules  have  for 
each  other. 

Molecular  Bombardment.— In  a  Crookes 
tube  in  which  exhaustion  has  been  carried 
to  a  high  degree,  the  violent  projection  of 
electrified  molecules  from  the  surface  of  the 
cathode,  producing  luminous  efifects. 

Molecular  Chains. — ^The  chains  in  which, 
according  to  Grotthuss's  hypothesis,  the 
molecules  of  an  electrolyte  arrange  them- 
selves in  the  process  of  electrolysis. 

Molecular  Conductivity. — ^The  conduct- 
ing power  of  a  gram-molecule  of  electrolyte 
through  an  interval  of  one  centimeter  be- 
tween electrodes. 

Molecular  Conllffuration. — ^The  irregu- 
lar arrangement  of  the  molecules  in  a  mass 
of  iron  before  they  are  acted  upon  by  a 
magnetizing  force. 

Molecular  Decomposition  or  Disso- 
ciation.— ^The  breaking  up  of  a  molecule 
of  matter  into  its  constituent  atoms. 

Molecular  Force* — A  force  exerted 
between  molecules  but  only  at  infinitely 
small  distances. 

Molecular  Heat. — ^The  number  of  gram- 
calories  required  to  raise  the  temperature 
of  a  gram  molecule  of  any  substance  1^ 
Centigrade. 

Molecular  Kinetics. — ^The  study  of  the 
forces  that  produce  motion  in  molecules 
of  matter. 
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Moleenlar    Kapietie    Rotetion* — All 

liquids  have  the  power  of  rotating  a  ray  of 
polarized  light  when  placed  between  the 
poles  of  a  powerful  electromagnet.  The 
rotations  of  the  substance  and  of  the  water 
are  observed  in  equal  tubes,  and  the  den- 
aitieii  of  the  substance  and  of  the  water  aie  aoou* 
lately  determined  from  tho  formula: 

rM  .  r'M' 
T      IT 

in  which,  r  and  r'  are  the  obsenred  xotatioos  of 
the  substance  and  water,  respectively.  M  and  M' 
their  molecular  weights,  and  d  and  dr  their  dea- 
Bities. 

Molecular  Magneiisiiu — ^The  magnetism 
which  is  assumed  to  exist  inherently  in  the 
molecules  of  a  magnetizable  substance,  ac- 
cording to  the  physical  theory  of  mag- 
netism. 

Moleeular  Mag^netiaaiioiu — ^The  mag- 
netization of  molecules  considered  as  mag- 
nets. 

Molecnlar  MapieiomotlTe  Forees* — 

The  magnetomotive  forces  existing  in  the 
molecules  of  a  magnetizable  subs&nce  in 
which  the  molecules  themselves  are  regard- 
ed as  perfect  magnets. 

Molecular  Ma^eis. — ^The  moleciiles  of  a 
substance  considered  as  original  magnets. 

Molecular  Oscillations. — ^The  constant 
motion  possessed  by  molecules  of  matter. 

Molecular  Rang^. — ^The  range  through 
which  attraction  or  repulsion  is  exerted 
between  molecules  of  matter. 

Molecular  Repulsion. — The  repulsion 
exerted  by  one  molecule  upon  another  by 
the  force  of  molecular  encoimters. 

Molecular  Resistance. — ^The  resistance 
offered  by  a  gram  molecule  of  electrolvte 
through  a  distance  of  one  centimeter  be- 
tween electrodes. 

Molecular  Shadow.— In  a  high  vacuum 
tube,  a  well  defined  shadow  cast  by  any 
object  interposed  in  front  of  the  cathode 
in  the  path  of  the  discharge  of  electrified 
molecules;  an  electric  shadow. 

Molecular  Streams. — Streams  of  elec- 
trified molecules  projected  in  parallel  paths 
from  the  cathode  of  a  high  vacuum  tube; 
negative  rays. 


Moleeular    Transfer   of  Heat. — The 

conduction,  or  transference,  of  heat  from 
molecule  to  molecule  in  a  solid  body. 

Molecular  Vibration. — ^Vibrations  set  up 
among  the  molecules  of  the  diaphragm  of  a 
telephone  transmitter  by  the  mfluence  of 
the  niagnet,  as  distinguished  from  mass  or 
molar  vibration. 

Molecule. — ^The  smallest  particle  in  which 
a  substance  can  exist  in  the  free  or  un- 
combined  state,  or  the  least  part  into  which 
a  compound  can  be  subdivided  and  yet  re- 
tain its  characteristic  properties.  The 
molecule  of  any  compound  must  contain  at 
least  two  atoms,  and  generally  consists  of 
many  more. 

Molten  Platinum  Lamp. — ^A  name  some- 
times given  the  lamp  by  which  the  unit  of 
light  intensity  callea  the  moUe  is  establish- 
ed, the  light  being  emitted  in  a  perpen- 
dicular direction  by  one  square  centimeter 
of  platinum  at  the  temperature  at  which 
it  melts. 

Moment. — The  magnitude  of  a  foroe  tend- 
ing to  produce  rotation  about  a  point 
multiplied  by  the  perpendicular  distance 
from  the  point  to  the  Ime  of  the  force. 

Momentary  Current. — ^A  current  that 
flows  only  for  a  brief  time. 

Monient  of  Couple. — ^The  product  of  two 
component  forces  which  imparts  a  twist 
or  turning  movement  to  a  body  capable 
of  rotation.  Applied  to  an  electric  motor, 
the  moment  of  couple  or  the  torque  is  the 
twisting  force  whicn  is  exerted  upon  the 
armature  by  the  passage  of  an  electric  current 
through  it.  The  two  components  of  the  torque 
are  (a)  the  puU  measured  m  pounds,  and  (b)  the 
dutanee  in  feet  from  the  center  of  the  shaft  to  the 
point  where  the  pull  is  applied. 

Sinoe  a  couple  has  no  single  resultant,  no 
single  force  can  balance  a  couple.  To  prevent 
the  rotation  of  a  body  acted  on  by  a  couple  the 
application  of  two  other  forces  is  requiredt  f onn- 
ing  a  second  couple. 

Moment  of  Inertia. — ^In  mechanics,  said 
of  a  rotating  body;  the  sum  of  the  products 
of  the  mass  of  each  particle  of  matter  of  the 
body,  into  the  square  of  its  distance  from  the 
axis  of  rotation.  Called  also  moment  of 
rotation  and  moment  of  the  mass.  In  other 
words,  if  a  particle  of  mass,  m,  be  revolv- 
ing in  a  circle  of  radius  r,  the  quantity 
mr*  is  called  its  moment  of  inertia. 

Moment  of  Magnet. — ^The  product  of  the 
strength  of  one  of  the  poles  of  a  imiform 
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bar  magnet  by  the  distance  between  the 
two  poles. 

Momeniiuiitf— The  quantity  of  motioa  of  a 
moving  bodv,  obtained  by  multiplying  the 
mass  of  the  body  by  its  velocity.  Momen- 
tum might  also  be  defined  as  numerically 
equivalent  to  the  number  of  pounds  of 
force  that  will  stop  a  moving  body  in  one 
second  or  the  nmnber  of  pounds  of  force 
which,  acting  during  ooe  second,  will  give 
it  a  given  vdocity. 

Monochromaiie  Photometry. — The 

measurement  of  homogeneous  or  mono- 
chromatic light;  that  is,  pure  light  contain- 
ing but  one  color. 

Monocular* — ^An  eve  piece  of  an  optical 
instrument  designea  for  adjustment  to  one 
eye  only. 

Monoc^elle  Alternator. — A  special  t3rpe 
of  generator  emplo}red  in  the  monocyclic 
system,  having  a  main  single  phase  winding 
and  an  auxiliary  or  teaser  winding  connect- 
ed to  the  central  point  of  the  main  winding, 
in  quadrature  with  it.  Two  wires  leading 
from  the  single  |>hase  winding  supply  cur- 
rent to  the  lighting  system,  while  a  third 
wire  from  the  teaser  extends  to  polyphase 
motor  installations. 

Monoc^elio  Armatnre. — ^The  armature 
of  a  monocyclic  alternator  wound  with  an 
ordinary  coil  winding  in  slots^  and  an 
auxiliary  or  "teaser"  winding  in  smaller 
slots  midway  between  those  of  the  main 
winding. 

Monoesrelie  Cirenit. — The  circuit  C(hi- 
nected  with  a  monocyclic  generator. 

Monocyelio  Motor. — A  variety  of  induc- 
tion motor  employed  in  the  monocy^clic 
system  of  alternating  current  distribution. 

Monocyclic  System.  —  An  alternating 
current  system  which  is  essentially  single 
phase  provided  with  a  so  called  teaser  wind- 
ing displaced  00^  from  the  main  winding 
on  the  alternator,  the  two  windings  hav- 
ing the  same  relative  position  as  the 
windings  of  a  two  phase  alternator.  But  the 
teaser  has  only  one  guaiter  as  miny  turns  as  the 
inai;i  winding,  serving  to  produce  an  E.  M.  F. 
slightly  out  of  phase  with  the  main  E.  M.  F., 
thereby  providing  a  rotating  field  for  motors. 

In  the  monocyclio  system,  three  wires  are  used, 
but  the  main  or  eneivy  current  is  conveyed  by  two 
of  the  wires,  while  the  third  one  serves  as  an  aux- 
iliary and  IS  necessary  for  starting  the  motor. 
The  motors  are  of  the  class  csUmI  ''induction 
motoxs'*  from  the  fact  that  the  ounent  in  the 


armature  or  revolving  part  is  induced  b^;  an  alter- 
nating current  in  a  stationary  coil  outside  of  the 
armature  and  at  an  angle  to  the  field,  instead  of 
being  conducted  into  the  armature  through  slid- 
ing contacts  as  in  the  more  familiar  direct  ctirrent 
motor. 

Moton  constructed  upon  this  principle  have 
great  starting  power,  and  are  able  to  stand  tem- 
porary overloads  without  damage.  They  can  be 
made  smiUler  than  the  direct  current  tyi>e,  are 
cylindrical  in  shape,  and  adapted  to  be  put  in  any 
position. 

^  The  monocyclic  in  its  broadest  sense  is  a  com- 
bination of  ttie  single  phase  and  three  phase 
systems.  Three  phase  currents  are  produced  from 
smgle  phase  currents  by  means  of  a  specially 
wound  armature  which  may  be  operated  as  a 
motor-generator  at  the  point  whera^  energy  for 
motors  is  to  be  distributed,  or  the  main  generator 
may  be  provided  with  a  special  armature  arranged 
to  produce  the  necessary  difference  of  phase 
between  the  ordinary  two-wire  circuit  and  a  thini 
wiruk 

Monophase. — Single  phase*  applied  to  a 
single  pressure  wave  supplied  by  a  simple 
alternator  to  a  two  wire  circuit. 

Monophote  Are  Li^ht. — A  lamp  operated 
singly  upon  its  own  circuit,  and  having  the 
whole  current  pass  through  its  arc  regulat- 
ing mechanism. 

Moonlig^ht  Sehednle. — In  electric  light- 
ting,  a  table  showing  the  hours  of  moonrise 
and  moonset  with  indications  of  the  moon's 
phases,  and  instructions  as  to  when  lights 
should  be  turned  on  and  extinguished  with 
reference  to  the  light  given  by  the  moon. 

Moore  Li^ht. — A  system  of  electric  light- 
ing in  which  long  glass  tubes,  one  and  three- 
quarters  inches  in  diameter,  containing 
rarefied  non-metallic  gases,  are  made  lu- 
minous by  the  passage  of  an  alternating 
electric  current.    The  color  of  the  light 

depends  upon  the  gas  admitted  to  the  tube. 
When  fed  with  pure  nitrogen  the  color  resembles 
closely  that  of  diffused  dnylip:ht,  wh^n  air  is  ad- 
mitted the  color  is  orange-pmlc.  The  quality  of 
the  light  is  very  mild  and  agreeable  to  the  eyes. 
This  light  was  eBtablished  in  commercial  service 
in  1903. 

Moorings  Chain. — ^In  submarine  cable 
work,  a  chain  for  mooring  a  buoy. 

Mop. — In  electroplating,  an  implement  for 
polishing  plated  surfaces. 

Mordepr  Alternator. — An  alternator  de- 
signed by  W.  M.  Mordey,  an  English  en- 
gineer; its  armature  is  fixed,  the  field  maj;- 
net  being  rotated,  and  the  fines  of  force  m 
the  various  fields  projected  through  the 
armature  coils  are  all  in  one  direction,  the 
pole  pieces  on  one  side  of  the  armature 
coils  being  all  of  north  polarity,  and  those 
on  the  other  side  of  south  polairity. 


Mordey  Effect 


289 


Motive  Power. 


Morde^  Effect*  —  A  phenomenon,  first 
observed  by  Mordey,  of  decreasing  hys- 
teresis in  the  armature,  when  the  dynamo 
is  at  full  load. 

Moriii*B  L»wB  of  Frietion. — 1.  Thefrio 
Hon  between  two  bodies  ie  direcUy  proffor- 
Horud  to  the  pressure;  that  is,  the  coefficient 
is  constant  for  dU  pressures, 

2.  The  coefficient  and  amount  of  fric- 
tion, pressure  being  the  same,  is  independent 
of  the  areas  in  contact. 

3.  The  eo^gHcient  of  frietion  i»  independent  of 
v^oeity,  aUhouoh  atoHe  fneiion  (friction  at  reel)  ie 
greater  than  the  fneiion  of  motion. 

DentoD  nys:  **I  do  not  befiave  there  is  a 
partiole  of  proof  in  any  inveetication  of  friction 
ever  made*  that  Morin'e  laws  do  not  hold  for 
ordinaiy  piaotieal  oil  oupe  or  SBstrioted  rates  of 
feed." 

Morse  Alphabet  or  Code* — ^The  Morse 
telegraphic  alphabet. 

Morse  Embosser. — ^The  Morse  recorder. 

Morse  Ink  Writer*  or  Inker. — ^A  form 
of  Morse  recorder  in  which  the  attraction 
of  the  armature  raises  an  inked  wheel 
a^inst  the  paper  ribbon,  and  thereby 
prints  upon  it  tne  dots  and  dashes  of  the 
message. 

Morse    Recordert    or    Register. — ^An 

early  form  of  telegraphic  receiving  in- 
strumenty  consisting  essentially  of  an  elec- 
tromagnet moving  an  armature  which  is  ar* 
ranged  to  emboss  the  dots  and  dashes  of 
the  message  upon  a  paper  ribbon  drawn 
through  the  instrument  by  clockwork;  it 
is  now  wholly  supplanted  m  the  XJ.  S.  by 
the  sounder, 

MorsOf  Samnel  Finle^  Breese. — Bom 

1791,  died  1872.^  An  American  inventor, 
famous  for  his  invention  of  the  electric 
telegrai>h  (1835).  He  began  life  as  an 
artist;  in  1832  he  became  interested  in  cer- 
tain experiments  which  were  going  on  in 
Paris  for  the  transmission  of  electricity  over  Ions 
distanoes*  and  for  the  next  three  years  he  devoted 
himself  to  the  problem  of  sendmg  messages  by 
that  means.  His  ficst  model  was  completed  in 
1836  and  in  1837  he  first  put  his  system  into 
operation.  After  several  ^ean  of  discouragement, 
becwise  of  lack  of  recognition,  he  was  awarded  an 
appropriation  of  $30,000  by  Congress  for  an  ex- 
perimentol  line  from  WasDington  to  Baltimore. 
After  this,  success  was  rapid  and  before  his  death 
his  system  had  been  adopted  by  the  leading 
countries  of  the  world.  In  1842,  he  laid,  in  New 
York  Harbor,  the  first  submarine  cable  ever 
sueeessfally  attonpted.  He  received  very  high 
honors  from  the  hesds  of  European  powers  and 
his  own  goveniment  as  s  great  boaefactor  of 
dviJiaatkni. 


Morse    Bwmimm    of  Tolo|frap]iy. — A 

svstem  of  eleotrio  transmission  of  signals 
developed  by  S.  F.  B.  Morse.  As  at  present 
employed  in  the  U.  8.  the  system  requires 
throe  instruments,  the  key,  the  relay  and 
the  sounder;  by  making  and  braaJdng  the 
circuit  with  the  kev  the  dots  and  dashes,  or 
"clicks'*,  of  the  Morse  alphabet  aro  tran»- 
mitted  along  the  line. 

Morse  Tarpper. — ^A  sounder  invented  by 
Morse  which  produces  a  tappins  soimd  by 
the  movements  of  a  lever  attadied  to  the 
armaturo  of  an  electromagnet. 

Morse   Teleg^raphlc   Alphabet.  —  The 

system  of  dots  and  dashes  oevised  by  Morse 
as  a  code  for  telegraphic  signaling.  The 
American  Morse  code,  used  in  the  U.  S.  and 
Canada,  is  the  original  Morse  alphabet;  the 
International  Morse  code,  employed  abroad 
has  certain  modifications  and  differs  con- 
siderablv  from  the  American  code,  the 
sigoals  for  some  of  the  letters  of  the  latter 
depending  on  the  length  of  the  spacinos 
between  the  dots  and  (ushes.  The  signals 
for  the  American  Morse  Code  are  as  follows: 

LBTTfiRS. 
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Mortar.— A  cementing  material  oonsiBting 
of  a  mixture  of  lime  and  sand  with  water, 
used  to  bind  together  bricks  or  stones  into 
structures.  It  ''sets"  or  hardens  in  the 
air,  and  not  imder  water,  its  setting  con- 
sisting in  the  changing  of  the  hydrate  of 
lime  into  the  carbonate  by  the  absorption  of 
carbonic  acid  from  the  atmosphere.  This  naturally 
is  a  slow  process.  Hardening  also  depends  upon 
the  crsrstallixation  ot  the  mortar,  ana  is  greatly 
fscilitated  by  using  uniform  sand  of  sharp  and 
ancmlar  nature,  as  lake  or  river  sand. 
.  The  best  known  and  most  reliable  mortar  used 
in  building  construction  is  composed  of  three 
parts  of  clean  ^uxrp  eand,  free  from  earthy  mattcdTt 
and  one  part  of  freehly  elaked  lime. 

Motive  Power.— Anv  ajsent  such  as  steam, 
water  or  electricity^  for  imparting  power  to 
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drive  machinery,  together  with  the  appli- 
ances for  transmitting  the  power,  eucn  as 
shafting,  pulleys,  belting,  etc. 

Motor. — 1.  An  electric  motor  is  a  machine 
for  transforming  electrical  into  mechanical 
power.  There  are  many  types  of  motors 
designed  to  meet  varjdng  conditions,  such 
as  single  phase,  polyphase,  a.  c,  and  d.  c, 
dep)ending  upon  the  kind  of  current  sup- 
plied to  them,  and  othets  adapted  to  the  kind 
of  work  to  be  done  by  them.  Ahnost  any  gener- 
ator will  operate  as  a  motor  when  current  ia 
supplied  to  It,  but  certain  types  of  motors  are  not 
suitable  to  act  as  generatoxB,  not  being  ^the  leverse 
of  any  dynamo  type. 

2.  Internal  combustion  or  electric  engines,  used 
to  propel  vehicles  on  ordinary  roads  (motor  cars), 
or  internal  combustion  engines  employed  for 
propulsion  of  small  ozaf t»  or  for  working  single 
vehicles  on  railways. 

Motor  Armature* — ^The  armature  of  an 
electric  motor. 

Motor  Boat. — A  small  craft  propelled  by  a 
motor.  Sometimes,  though  mcorrectly, 
called  poioer  boat. 

Motor  Car. — An  automobile ;  a  vehicle  for 
use  on  ordinary  roads  propelled  by  a  prime 
mover. 

Motor  Car*  Electric. — ^An  automobile 
propelled  by  electricity. 

Motor  Circnit. — The  circuit  of  an  electric 
motor. 

Motor  Controlling  Rheostat. — ^A  rheo- 
stat offering  high  electric  resistance,  em- 
ployed for  controlling  the  electromotive 
force  applied  to  a  motor. 

Motor  Converter. — A  combination  of  an 
induction  motor  with  a  synchronous  con- 
verter, the  secondary  of  the  former  feeding 
the  armature  of  the  latter  with  current  at 
some  frequency  other  than  the  impressed 
frequency;  a  cascade  converter. 

Motor  Cut  Ont. — A  cut  out  for  removing 
an  electric  motor  from  its  circuit. 

Motor  Cycle. — ^A  bicycle  driven  by  an 
explosion  motor,  usually  in  conjunction 
with  pedaling  on  the  part  of  the  rider  in 
starting. 

Motor,  Electric. — ^A  machine  used  to 
convert  electrical  energy  into  mechanical 
work.  Motors  are,  however,  divided  into 
two  general  classes:  (1)  Those  for  use  with 


continuous  currents,  (2)  those  for  use  with 
alternating  currents.  Motors  are  also  clas- 
sified the  same  as  dsmamos.  as  series  wound, 
shunt  wound,  compound  wound,  bipolar  and 
multipolar  motors. 

Two  points  are  vital  to  the  right  underrtanding 
of  the  action  of  electric  motors:  (1)  The  propel- 
ling drag,  (2)  the  counter  electromotive  force. 
The  first »  that  the  real  driving  force  which  pro- 
pels the  revolving  armature  is  the  drag  which  the 
magnetio  field  exerts  upon  the  annaturs  wires 
through  which  ttxe  current  ia  flowing,  the  second 
is  that  the  revolving  armature  iterates  a  counter 
electromotive  force  as  its  moving  wires  out  the 
magnetic  lines. 

In  the  djrnamo,  where  eneigy  is  being  supplied 
to  the  the  circuit,  the  electromotive  force  is  m  the 
same  direction  as  the  cucrent;  while  in  the  motor 
where  work  is  being  done,  and  eneiy^y^is  Leaving 
the  circuit,  the  dectromotive  force  is  in  a  direc- 
tion which  opposes  the  ourrentb 

Motor    ElectromotiTe    Force. — The 

counter  electromotive  force  of  a  motor. 

Motor  Generator. — ^A  transforming  de- 
vice consisting  of  a  motor  mechamcally 
connected  to  one  or  more  generators  for  the 
purpose  of  changing  direct  current  of  one 
voltage  into  direct  current  of  another  volt- 
age. A  dynamotor  that  changes  from  an 
alternating  current  to  a  direct  current  or 
vice  versa  is  called  a  rotary  converter. 

Motor  Generator  Set. — ^A  combination 
of  motor  and  generator  by  means  of  which 
a  current  of  one  voltage  may  be  used  to 
drive  a  motor  which  in  turn  operates  a 
d3mamo  for  generating  a  lower  voltage. 
In  tnis  way  current  may  be  taken  from 
lighting  mams  and  changed  to  a  lower  volt- 
age suitable  for  charging  a  storage  battery. 

Motoring  at  Brushes. — ^The  sparking  or 
flashing  of  the  brushes  on  the  commutator 
of  a  motor  armature. 

Motormaa. — ^The  man  who  operates  the 
controller  of  a  trolley  car,  and  drives  the 
car. 

Motor  Meter. — ^A  form  of  electric  meter, 
consisting  essentially^  of  a  small  electric 
motor,  designed  to  give  its  readings  direct 
in  watt  houra. 

Motor  Shaft. — ^The  main  or  crank  shaft  of 
a  motor. 

Motor  Slip. — In  an  induction  motor,  a 
difference  m  rate  of  rotation  between  the 
rotating  field  and  the  rotor,  due  to  resist- 
ance opposed  to  the  rotor  current. 

Motor  Standards.— The  supports  upon 
which  an  electric  motor  rests. 


Motor  Starter, 


291 


Moving  CoU  Oalvanometer, 


Motor  Starter. — A  rheostat,  sometimes 
called  a  starting  box,  inserted  in  the  arma- 
ture circuit  of  a  shunt  motor  to  prevent  an 
excessive  rush  of  current  before  the  motor 
attains  its  speed.  As  the  si>eed  of  the 
motor  increases  the  resistance  is  gradually 
cut  out. 

Motor  Starting  Box. — A  box  in  which 
the  starting  rheostat  is  placed. 

Motor  Starting  Rheostat, — ^A  resistance 
provided  to  prevent  too  great  a  rush  of 
current  into  a  motor  when  starting;  a  motor 
starter. 

Motor  Snspension. — In  electric  traction, 
the  methoa  of  susi>ending  a  motor  from  the 
truck  of  an  electric  car.  There  are  three 
principal  tvpes  of  suspension,  the  nose  sus- 
pension, the  side  bar  suspension,  and  the 
cradle  suspension.  Other  methods  are 
modificatioiw  of  these  three.  In  the  nose  suspen- 
sion, one  end  of  the  motor  ia  carried  by  a  lug  or 
suspension  bar  while  the  other  end  is  supported 
by  the  axle.  In  the  side  bar  suspension  the  motor 
is  attached  to  the  axle  as  usual,  and  the  rest  of 
its  weight  is  borne  by  two  parallel  side  bare  rest- 
ing upon  spring.  The  third  type  consists  of  a 
cradle  resting  in  front  upon  a  cross  beam,  which 
is  supported  D3r  the  side  frames  of  the  truck  and 
at  the  back,  being  carried  on  the  arm  that  carries 
the  axle  bearing.   This  cradle  supports  the  motor. 

Motor  STritch* — ^A  switch  controlling  a 
motor. 

Motor  Telenaph  Printing  S^tem. — 

A  system  otprinting  telegra^y  employing 
a  pair  of  synchronous  motors,  one  at  each 
end  of  the  line. 

Motor  Torque. — The  pull  or  turning 
moment  which  produces  the  rotation  in  a 
motor. 

Motor  Transformer. — A  term  sometimes 
applied  to  a  dynamotor.  It  consists  of  a 
motor  and  generator  built  as  one  machine 
having  only  one  field  magnet  and  one  arma- 
ture but  with  two  distinct  windings,  one 

of  many  turrjs  of  fine  wire  connecteid  to  a 
commutator  at  one  end,  and  the  other  of  few 
turns  of  coarse  wire  connected  to  a  commutator 
at  the  opposite  end.  Sometimes  the  dynamotor 
has  two  armatures.  It  is  used  to  change  voltage 
from  higher  to  lower  pressure. 

Motor  Track. — ^A  car  truck  equipped  with 
an  electric  motor. 

Monlded  Carbons. — ^Artificial  carbons  for 
arc  lighting,  prepared  by  mixing  ground 
graphite  ana  pure  carbon  powder,  forming 
a  paste  by  the  addition  of  some  adhesive 


substance,  and  then  moulding  or  squeezing 
into  shape. 

Monlded  FUanente* — Carbon  filaments 
for  incandescent  lamps  in  which  the  ma- 
terial is  first  made  homogeneous  imder 
pressure. 

Monlded  Mioa. — ^An  insulating  material 
made  up  of  pulverized  mica  mixed  with  a 
suitable  cement,  and  moulded  into  shape 
under  pressure. 

Monldinin>»  Eleetrie* — ^Wooden  mouldings 
suitably  grooved  on  the  under  side,  for 
supporting  and  concealing  electrical  con- 
ductors in  interior  wiring. 

Monldln^  Wirin|f. — ^A  method  of  wiring  a 
building  by  runnmg  the  conductors  along 
the  walls  and  ceilings  under  suitable  wood- 
en mouldings. 

Monnted  Filament. — ^An  incandescent 
lamp  filament  fused  upon  a  platinum  sup- 
port, and  ready  for  the  glass  bulb. 

Monntin^  of  Filament. — ^The  process  of 
fixing  an  incandescent  lamp  filament  upon 
its  platinum  support  preparatory  to  seal- 
ing it  into  the  glass  bulb. 

MonntinM. — ^That  by  which  anything  is 
prepared  for  use;  ec^uipment;  as,  the  mount- 
ings of  a  steam  boiler,  meaning  the  safety 
valves,  water  gauges,  etc. 

Monse  Mill  Machine. — ^A  form  of  electric 
influence  machine  invented  by  Lord  Kelvin. 

Month  Piece. — 1.  An  opening,  suitable 
for  receiving  the  sound  waves  emitted  by 
the  voice,  as  in  telephone  transmitters, 
phonographs,  and  similar  instruments. 

2.  Tnat  part  of  a  boiler  furnace  through 
which  the  fuel  is  introduced  and  often 
some  air.  The  lower  side  of  the  mouth 
piece  is  the  dead  plate. 

Movable  Secondary. — In  an  induction 
coil,  a  secondary  that  is  capable  of  being 
moved. 

MoTinff     Coil     GalTanometer. — The 

d'Arsonval  type  of  galvanometer,  one  of 
the  two  principal  classes  of  galvanometer. 
A  small  coil  is  sus(>ended  by  a  fine  wire  be- 
tween the  poles  of  a  magnet,  with  its  axis  at 
right  angles  with  the  lines  of  the  field.  Cur- 
rent enters  the  coil  by  its  suspension  and 
leaves  it  by  a  flexible  wire  below  it. 
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Moving  Needle   Galvanometer. — One 

of  the  two  principal  classes  of  galvanom- 
eters. A  magnetized  needle  is  8us(>ended 
so  as  to  move  freely  in  a  horizontal  plane. 
Near  the  needle,  and  often  surrounding  it,  is 
a  coil  of  wire  with  its  axis  at  right  angles  to 
the  normal  direction  of  the  needle.  When 
a  current  flows  through  the  coil  the  needle 
tends  to  turn. 

m.  s. — ^Abbreviation  for  meter  per  second. 

an*  ■•  Current. — A  contraction  for  mean 
square  current. 

Multi-cellular  Voltmeter. — ^A  form  of 
electrostatic  voltmeter  for  measuring  low 
potentials,  employing  a  number  of  plates  or 
vanes,  each  moving  between  a  pair  of  fixed 
conductors. 

Multi-circuit    Arc    Dynamo. — ^An    arc 

light  dynamo  having  a  number  of  circuits 
wound  upon  its  armature,  in  order  to  pre- 
vent too  high  potential  in  any  one  circuit. 

Multi-coil  Armature  Windinjg^  of 
Alternator. — ^A  method  of  winding  in 
which  more  than  one  coil  on  the  armature  is 
provided  for  each  field  magnet  pole. 

Multi-conductor  Cable. — A  cable  com- 
posed of  several  electric  conductors. 

Multi-cylinder. — Having  many  similar 
cyhnders.  An  automobile  engine  is  said 
to  be  multi-cylinder  as  it  possesses  two  or 
more  cylinders,  the  object  being  to  insure 
even  turning  and  less  vibration. 

Multi-duct  Conduit. — A  conduit  contain- 
ing several  ducts  or  longitudinal  passages 
for  the  introduction  of  electric  wires. 

Multi-filament  Lamps. — In  large  incan- 
descent lamps,  such  as  those  of  five-hun- 
dred candle  power,  there  are  frequently  a 
number  of  filaments  joined  in  parallel. 
With  this  method  of  connection,  the  lamp 
is  still  of  service  in  the  event  of  one  fila- 
ment breaking,  the  electrical  power  ab- 
sorbed being  reduced  in  a  corresponding 
degree. 

Multi-gap    Lightning    Arrester.  —  A 

form  of  arrester  in  which  a  number  of 
cylinders  are  arranged  in  series  so  as  to 
break  up  the  arc  into  several  short  lengths. 

Multi-meter. — ^A  "universal"  electrical 
measuring  instrument  designed  to  serve  the 


purposes  of  a  voltmeter,  ammeter,  ohm- 
meter,  ground  detector  and  Wheatstone 
bridge.  It  consists  essentially  of  a  com- 
bination of  a  Wheatstone  bridge,  a  battenr 
of  twelve  silver  chloride  cells,  and  an  indi- 
cating instrument  with  detachable  shimts. 

Multi-phase. — A  term  applied  to  any  alter- 
nating current  system  employing  currents 
of  two  or  more  phases,  as  distinguishcKi 
form  single  phase.  The  term  polyphase  is 
more  commonly  employed. 

Multi-phase  Currents. — ^Multi-phase  cur- 
rents are  two  or  more  separate  and  distinct 
currents  not  differing  in  any  way  from  the 
current  derived  from  an  ordinary  "sinfile 
phase"  alternator.  Their  peculiarity  hes 
m  the  fact  that  they  have  different  strengths 
at  a  given  instant  of  time. 

In  the  two-phase  system,  when  one  of  the  cur- 
rents is  at  xero  value,  the  other  has  its  maximum 
value,  or  the  currents  are  displaced  in  p/uue, 
whence  the  expression  two-phase. 

If  two  identical  simple  altematois  have  their 
annature  shafts  coupled^  in  such  a  manner,  but 
when  a  given  armature  coil  on  one  is  directly  under 
a  field  pole,  the  corresponding  coil  on  the  other 
is  midway  between  two  poles  of  iia  field,  the  two 
currents  generated  will  differ  in  phase  by  a  half- 
alternation,  and  will  be  two-phase  currents;  simi- 
larly, three-phase  currents  could  be  generated  by 
coupling  the  armatures  of  three  simple  alteniatora 
so  that  the  corresponding  coib  <m  each  are 
equally  "staggered"  with  respect  to  each  other. 

Two-phase  and  three-phase  currraits  differ  in 
this  respect;  the  two-phase  system  requires  four 
wires  to  connect  the  generators  with  the  motors, 
and  their  action  is  that  of  two  distinct  and  sepa- 
rate circuits  through  which  are  passing  simple 
alternating  currents  of  electricity  which  act  upon 
the  revolving  part  of  the  motor  like  the  two 
cranks  on  a  cross  connected  engine  at  right  angles 
to  each  other,  or  one  90  degrees  in  advance  of  the 
other. 

The  three-phase  method  of  employing  the  alter- 
nating current  requires  only  three  wires,  and  for 
transmitting  electrical  energy  in  large  amounts 
long  distances  for  power  purposes  it  is  an  ideal 
system. 

Multi-phaser. — An  alternator  producing 
two  or  more  single  phase  alternating  £.  M. 
Fs.  differing  from  each  other  in  phase;  a 
polyphase  aUemator  or  polyphaser. 


le  Are  Connection. — ^A  connec- 
tion In  an  electric  circuit  so  that  the  cur- 
rent divides  in  several  paths.  Also  called 
multipl€f  paraJUd,  branched  or  divided  con- 
nection. 

Multiple   Cable. — ^A  cable  oompoeed  of 
several  electric  conductors. 

Multiple    Cable    Core. — ^The   group   of 
conductors  forming  the  core  of  a  multiple 

cable. 
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Mnltiple  Call  Box. — ^An  automatic  call 
box  designed  to  send  several  different  calls 
as  required. 

Mnltiple  Circuit. — ^An  electric  circuit  so 
connected  that  the  current  in  the  circuit 
divides,  a  part  of  the  current  flowing 
through  eacn  of  the  two  portions  of  the 
circuit;  usually  called  a  parallel  circuit. 

Multiple  Circuit  Armature  Winding* 

— Wnen  there  are  as  many  parallel  branch- 
es in  each  winding  as  there  are  poles  in  the 
field  frame,  the  armature  coils  are  said  to  be 
arranged  in  parallel  grouping  or  in  mvUiple 
circuit  winding. 

Multiple  Connection. — A  term  some* 
times  used  for  parallel  connection.  When 
two  portions  of  an  electric  circuit  are  so 
connected  that  the  current  divides,  a  part 
flowing  through  each  portion,  the  circuit 
18  said   to  be  connected   in  multiple   or 

TparaUA,  A  battery  of  primary  cells  ia  connected 
in  muUiple  or  paraUd,  when  the  positive  electrodes 
of  all  the  cells  are  connected  to  one  main  positive 
conductor,  and  all  the  nef^ative  electrodes  are  con- 
nected to  one  main  negative  conductor. 

Multiple  Duct  Conduit. — ^A  conduit  fur- 
nished with  numerous  ducts,  or  longitudi- 
nal passages  for  the  introduction  of  electric 
wires. 


Mnltiple  Electrio    Oas  Li^htins^.— A 

method  of  simultaneously  igmting  a  num- 
ber of  gas  jets,  in  which  the  burners  are 
connected  with  an  induction  coil  from 
which  a  succession  of  sparks  are  passed 
almost  instantaneously  from  jet  to  jet. 

Mnltiple   Electrode    Transmitter. — A 

telephone  transmitter,  such  as  the  dust  or 
carbon  transmitter,  emplo3dng  numerous 
loose  contacts. 

Mnltiple  Electrolysis. — E lectrolysis 
accompanied  by  certain  important  second- 
ary chemical  processes. 

Mnltiple  Jack. — In  a  multiple  telephone 
switchboard,  one  of  a  series  of  spring  jacks 
provided  for  each  section  of  the  board,  each 
series  containing  as  many  jacks  as  there  are 
lines  entering  the  exchange. 

Mnltiple  Liffhtnin|f  Flas]i.~A  forked 
liffhtmg  flasn  appearmg  as  a  combination 
of  flashes. 

Mnltiple  Pair  Brush  Rocker  or  Yoke. 

— ^A  rocker  or  yoke  canying  several  pairs 


of  brushes,  so  that  they  may  be  readily 
shifted  together  upon  the  commutator. 

Mnltiple  Parallel  Circuit.— A  multiple 
of  circuits  connected  in  parallel. 

Multiple  Qnadmplez. — In  quadruplex 
telegraphy,  a  system  of  repeating  messages 
from  one  line  to  another. 

Mnltiple  Rnnnin|f  or  Working. — The 

operation  of  electric  generators  in  parallel 
or  multiple.  When  generators  have  equal 
electromotive  forces  they  may  be  so  con- 
nected that  the  total  current  delivered  by 
the  group  equals  the  sum  of  the  currents 
delivered  by  the  separate  generators. 

Multiples. — In  a  multiple  telephone  switch- 
board the  springjacks,  belonging  to  the 
same  subscriber,  repeated  at  the  various 
sections  of  the  board. 

Multiple  Series  Connection. — A  means 
of  joining  up  most  frequently  used  in  con- 
necting primarv  cells  and  storage  batteries, 
in  which  parallel  connected  groups  are  ar- 
ranged in  series. 

Mnltiple  Siritch. — A  switch  having  con- 
tacts for  several  circuits. 

Multiple  Switchboard. — A  switchboard 
in  any  system  of  electrical  service,  connect- 
ed with  numerous  circuits. 

Multiple     Tablet     Switchboard*  —  A 

switchboard  having  several  panels. 

Mnltiple  Telegraphic  Repeater. — ^An 

instrument  for  re-transmitting  a  telegram 
from  one  circuit  to  two  or  more  other 
circuits. 

Multiple  Telef^raphy. — The  simultaneous 
transmission  of  more  than  one  telegraphic 
message  in  one  direction  over  the  same 
wire;  diplex  telegraphy. 

Mnltiple  Telephone  ReeeiTer.  —  A 

receiver  designed  for  use  in  multiple  tele- 
phony. 

Multiple  Telephone  Switchboard. — A 

swit^board  designed  for  use  in  exchanges 
in  which  the  number  of  subscribers  is  too 
great  to  be  handled  at  a  simple  switchboard. 
The  multiple  board  is  divided  into  sections, 
each  section  containing  a  spring  jack,  or 
terminal,  for  every  line  entering  the  exchanm, 
but  having  line  drops  of  those  BubscrLbera  only 
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whose  calk  are  received  at  that  particular  section; 
thus  each  operator  answers  the  calls  of  only  a 
comparatively  small  group  of  subscriberB. 

Multiple  Telephony. — The  transmission 
of  several  telephone  messages  at  one  time 
in  the  same  direction  over  the  same  wire. 

Multiple  Transmission. — The  trans- 
mission of  more  than  one  telegraph  or 
telephone  message  at  the  same  time  m  the 
same  direction  over  the  same  wire. 

Multiple  Unit  ControL — A  s^^tem  of 
operating  electric  trains  in  wmch  each 
motor  car  is  equipped  with  a  motor  con- 
troller and  a  master  controller.  The  motor 
controller  establishes  the  proper  motor 
connections  by  means  of  the  master  con- 
troller operated  by  the  motorman.  The  master 
controller  instead  of  directly  making  the  motor 
changes,  merely  actuates  the  motor  controller. 
When  the  cars  are  coupled  together  they  are 
operated  by  the  master  controller  on  the  front 
car,  the  other  master  oontroUeis  being  kx^ed 
automatically. 

Multiple  Unit  System  of  Electric 
Traction* — In  the  case  of  electric  trains 
made  up  of  a  number  of  cars,  an  arrange- 
ment by  which  each  car  is  equipped  with 
its  own  motors  and  controllers,  these  being^ 
operated  from  the  front  of  the  train  by  a' 
master  controller;  muUiple  unit  control. 

Multiple  Wheel  Printin|p  Telefl:rai>h« 

— ^A  printing  telegraph  apparatus  having 
several  discs  or  wheels  for  printing  the  mes- 
sages as  received. 

Multiple  Winding. — ^The  winding  of  an 
electromagnet  or  armature  employing  in- 
dependent coils,  insulated  from  one  another, 
and  separately  disposed  upon  the  core. 

Multiple^  Telesprapliy. — A  sjrstem  of 
telegraphy  in  wmch  more  than  two  mes- 
sages can  be  transmitted  in  opposite  direc- 
tions over  the  same  wire  at  the  same  time. 

Multiplex  ^  Telephony. — A  system  of 
telephony  in  which  more  than  two  messages 
can  be  sent  in  opposite  directions  over  the 
same  wire  at  the  same  time. 

Multiplier* — 1.  A  resistance  winding  often 
located  outside  the  instrument  case  of  a 
voltmeter  by  means  of  which  the  voltmeter 
may  measure  pressures  beyond  its  ordinary 
range. 

2.  A  device  in  which  an  electric  conductor 
is  coiled  several  times  around  a  magnetic  needle 
to  show  that  the  deflecting  force  increases  with 
the  number  of  turns:  an  early  form  of  galvanom- 
eter, sometimes   called  Schweigger's  multiplier. 


Multiply* — To  rep«it  a  circuit  at  every 
section  of  a  multiple  telephone  switch- 
board. 

Multip]yin|f  Power  of  Shunt. — ^A  quan- 
tity oy  which  the  current  passing  through 
a  shunt  galvanometer  must  be  multiplied, 
in  order  to  obtain  the  value  of  the  full  cur- 
rent measured. 

Multipolar  Armature* — An  armature 
designed  to  rotate  between  more  than  two 
field  magnet  poles. 

Multipolar  Drum  Armature  Wind- 
ing's*—  A  method  of  winding  a  drum 
armature  intended  for  use  in  a  multipolar 
field. 

Multipolar  Dynamo. — A  dynamo  pro- 
vided with  four  or  more  field  magnet  poles. 

» 

Multipolar  Electric  Bath, — In  electro- 
therapeutics, a  bath  provided  with  a 
number  of  electrodes. 

Multipolar  Field* — An  electromagnet 
field  produced  by  four  or  more  magnet 
poles. 

Multipolar  Field  Magnets* — ^These  gen- 
erally consist  of  four,  six,  eight  or  more 
poles,  arranged  in  alternate  order  around 
the  armature.  They  may  be  arranged  in 
two  classes  according  as  the  poles  are 
salient  or  consequent  poles.  A  type  of 
multipolar  field  magnet  extensively  usedt  consists 
of  a  nng  of  iron,  having  four  pole  pieces  project- 
ing inwardly,  over  which  the  exciting  coils  are 
slipped,  the  ring  forming  a  common  yoke  for  all 
the  poles.  As  a  rule,  it  is  made  in  two  portions, 
bolted  together  horisontally,  so  that  the  upper 
portion  may  be  lifted  off  for  examination  of  the 
armature. 

Multipolar  Motor* — A  motor  provided 
with  four  or  more  field  magnet  poles. 

Multipolar  Rin^  Armature  Winding. 

— ^A  method  of  winding  a  ring  armature 
intended  for  use  in  a  multipolar  field. 

Multipolar  Winding^* — ^A  method  of 
winding  armatures  intended  for  use  in  a 
multipolar  field. 

Multispeed  Motor* — A  motor,  such  as 
those  having  two  armature  windings,  which 
can  be  driven  at  any  one  of  two  or  more 
different  speeds  practically  independent  of 
the  load. 

Multistage    Centriftifl^al    Pump* — One 

having  numerous  impellers  or  fans  arranged 
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in  series,  the  delivery  of  one  going  to  the 
suction  of  the  succeeding  one.  By  these 
means,  it  is  possible  to  deliver  to  as  great  a 
height  as  with  a  reciprocating  pump,  re- 
taining the  advantages  of  rotary  motion. 

Mnnicipal  ^  Series  Circnit.  —  A  series 
connected  incandescent  lamp  circuit  adapt- 
ed for  lighting  city  streets. 

Mimielpal  System  of  Incandescent 
Electric  JAghiing. — ^A  system  of  incan- 
descent lighting  suitable  for  city  streets,  in 
which  the  lamps  are  connected  in  series  to 
the  circuit,  each  lamp  having  a  separate 
cut  out  device. 

Mnnts  MetaL — Named  after  Muntz  of 
Birmingham,  England,  its  inventor.  It 
consists  of  60  per  cent  copper  and  40  per 
cent  zinc;  is  very  ductile,  can  be  forged 
when  hot,  and  has  an  ultimate  tensile 
strength  of  49000  lbs.  per  square  inch. 


Mnriatie    Acid. — Hydrochlorio  acid 
"spirits  of  salts." 


or 


Mnscle^  Currents. — Electric  currents 
occurring  in  the  muscular  tissues. 

Mnscnlar  Pile. — A  voltaic  pile  once  con- 
structed by  Matteucci,  consisting  of  mus- 
cular tissues  cut  from  animals  and  laid  one 
upon  another  in  such  a  way  as  to  generate 
an  electric  current  sufficient  to  deflect  the 
needle  of  a  galvanometer. 

Mnshet   SteeL — A   self   hardening   tool 
steel  containing  about  8^  to  9  per  cent  of 
tungsten,  and  1}  to  2  per  cent  of  man- 
ganese.   It  ia  remarkably  hard  and  tough, 
being  especially  suitable  for  turning  chilled 
rolls.     It  cannot  be  worked  when  cold  ex- 
cept by  grinding,  and  should  be  forged  to  shape  I 
by  hammering,  care  being  taken  not  to  break  it, 
reheating  the  tool  several  times  while  it  is  being  ' 
dressed,  and  finally,  when  to  its  proper  shape,  ! 
hammering  it  lightly  until  the  color  nas  faded. 

Mushroom  Anchor. — ^A  form  of  anchor 
without  flukes,  resembling  a  mushroom  in  < 


shape,  employed  to  prevent  the  dragging  of 
buoys  in  submarine  cable  operations. 

Mnshroom  Deposit. — A  pecub'arly  8hai)ed 
deposit  which  collects  upon  the  negative 
carbon  of  an  enclosed  arc  lamp. 

Mntnal  Action  of  Magnetic  Fields. — 

Whenever  any  of  the  lines  of  force  forming 

gart  of  two  separately  generated  magnetic 
elds  traverse  a  common  space,  there  is  a 
decided  action  between  tne  two  sets  of 
lines,  the  tendency  being  to  so  alter  their 

paths  that  as  many  lines  as  possible  shall  coincide 
in  direction.  This  mutual  action  takes  place  in- 
dependenUy  of  the  means  by  which  the  fields  are 
generated,  whether  by  currents  in  two  wires  or  by 
pennaneat  magnets. 

Mntnal  Flnx.  —  In  a  transformer,  the 
magnetic  flux  flowing  through  both  coils, 
as  distinguished  from  a  flux  confined  to 
either  one  of  them. 

Mntnal  Inductance. — ^The  coefficient  of 
mutual  induction.  Two  electric  circuits 
may  exercise  an  inductive  action  upon  each 
other  so  that  an  E.  M.  F.  may  be  induct  in 
one  by  a  change  of  current  in  the  other. 
This  action  is  called  mutual  induction. 
Mutual  indudance  is  the  coefficient  by  which  the 
time  rate  of  change  of  the  current  in  one  of  the 
circuits  is  multiplied  to  give  the  £.  M.  F.  induced 
in  the  other  circuit. 

Mntnallj*  Indnced  Currents. — Electric 
currents  which  occur  as  the  result  of  mutual 
induction. 

Mntnal  Induction. — ^The  mutual  inter- 
ference of  two  electric  or  magnetic  fields  by 
their  proximity  without  contact. 

Mxo^aph.— An  instrument  for  measuring 
the  contractions  and  relaxations  of  mu&- 
cular  tissues. 

Myria.-;— A  prefix  j  used  with  ^  physical  unit 
to  designate  a  unit  ten  thousand  times  as 
great.  '  ( 

MyriaTolt. — A  t^nit  of  elect^motive  force 
equal  to  ten  thoijisand  volts.  > 


n — I.  Bymbol  for  the  number 
of  lines  of  magnetic  force  in  a 
circuit. 

2.  Symbol  for  the  frequency, 
or  number  of  vibiations,  of  a 
wave  motion  per  second. 

3.  A  signal  in  submarine 
telegraphy  to  indicate  the  end 

of  a  meaaage  and  the  termioation  of  com- 
munication for  the  moment. 

4.  AhhrBTiktion  toi  mirt/i,  turd  to  distincuiiih 
the  norUi  ■mUni  pola  ot  ■  macnst  (ram  the 
■Dutli  pok. 

y —  The  Greek  small  letter  nu,  the  symbol  of 
reluctivity  or  specific  magnetic  resistance. 

ir»dlr.— That  point  of  the  heavens  directly 
opposite  the  senith;  the  point  directly  under 
the  place  where  we  stand ;  hence,  the  lowest 
point;  tiie  place  or  time  of  greatest  de- 
pression. 

ITatL^A  small  pointed  iriece  of  metal, 
usually  with  a  head,  to  be  driven  into  a 
board  or  other  piece  of  timber,  and  serving 
to  fasten  it  to  another  timber,  or  left  pro- 
jecting; as,  from  a  wall,  to  hang  anything 
upon.  Tto  different  sorta  of  nails  are 
namwl  idthar  tnm  the  uss  to  which  they  an 
Had*  or  fnMn  thoir  ahapc;  bb,  Bhinflle.  flfvii-. 
anMntsn'  and  honaihoe  a   '  ' 


The  foikiwiiic  tabia  will  show  ths  lensth  of  tba 
varioas  die*  and  the  number  of  oaib  in  a  pound; 
they  km  ntod  "3-peDDy"  up  to  "20-peDny.''  The 
fint  ooluBiD  live*  the  name,  the  seomd  the  length 
la  ioohee,  and  the  third  Iha  Dumber  per  pound: 


TABLE. 

3-pemiy 

inch 

3S3 

I!"" 

per  lb. 

" 

" 

" 

•'     " 

ff»M«  Pl»t«. — A  metal  plate  affixed  to  a 
dynamo,  or  other  machine,  giving  the 
maker's  name  and  details  concerning  the 
properties  and  capacity  of  the  machine. 


petroleum,  used  as  a  solvent 
m  the  making  of  paints,  the 
firing  of  oil  engines,  etc. 
Naphtha  is  a  Greek 
plied  originally  to  mi 
of  any  description. 

motor  designed  for  use  wita  na 
electric  railways. 

Naaal  Electrode. — In  electro-thenpeuties. 
an  electrode  designed  for  the  medical 
treatment  of  the  nose. 

HMacant  St»t«. — The  stat«  in  which  an 
atom  of  matter  exists  at  the  moment  it  is 
freed  from  chemical  combination,  when  it 
possesses  e^itraordinarypropertiee  of  chemi- 
cal affinity. 

Hatlotutl  Eloetrteal  Code.— A  iinif{»m 
code  of  rules  Srst  formulated  in  1898,  based 
upon  the  requirements  of  fire  underwriters, 
in  accordance  with  which  all  intericH' 
electric  wiring  must  be  performed  in  order 
to    secure    insurHnce    upon    the    building 

wired.     The  code  is  annually  revised  to  meet 

tiequiiwnon-  <---- -- 

«ppl/m«  t 


M  neaieal  Cndenniler's 


N»tiT«  Copper. — Copper  which  is  mined 
in  the  metallic  state.  It  occurs  in  the 
district  of  Lake  Superior  and  is  highly  es- 
teemed on  account  of  its  purity,  which 
renders  it  superior  to  any  otner  copper  tor 
electrical  purposes. 

Nfttnrml  Corrent  fron  C»bla  Broak. — 

A  weak  electric  current  set  up  at  the  point 
where  a  fault,  or  break,  occurs  in  a  cable. 

NatnraJ  Draft  Tranaformar.— A  seff 
ventilating  air  cooled  transformer  in  which 
a  natural  draft  of  air  is  set  up  by  the  heaU 
ing  of  the  coils. 

Natnral  Lair. — A  law  of  the  natural  or 
material  imiverse,  a  phyaicat  law.  The 
kw  of  gravitation  is  a  natural  law. 

Natural  Haynet. — Magnetic  oxide  of  iron 

or  magnetite,  a  mineral  which  is  attracted 
by  a  magnet,  and  sometimes  acts  as  a  ma^ 
net  and  attracts  iron;  lodetUme. 


Natural  Period. 
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Negative  Bus  Bar, 


Natural  Period. — A  complete  period  of 
vibration,  or  cycle  of  periodic  cnange  ful- 
filling without  interference  its  natural 
course. 

Nant. — ^An  abbreviation  for  a  nautical  mile. 

Nautical  Measures. — In  cable  laying, 
measures  of,  or  pertaining  to,  the  art  of 
navigation,  or  to  ships;  as,  a  nautical  mile. 


60  geogiBph- ) 
io,  or  69.16  > 
statute  milea ) 

360  degrees.. 

1.15i  statute  I 
miles f 


TABLE. 

( of  latitude  on  a  me- 

1  degree  <  ridian.    or  of    longi- 

( tude  on  the  equator. 

the  circumference  of  the  earth. 


H 


1    geographic    milet   used 
measure  distances  at  sea. 


to 


^IJ^^P'^f  }  =  1  nautical  league. 

A  statute  mile  vs  5,280  feet  It  is  the  standard 
of  distance  adopted  b^  the  English  for  land 
measurements.  A  nautical  mile  or  knot  is  6080 
feet  or  1.152  statute  miles.  Some  writers  con- 
tend that  the  word  knoi  should  only  be  used  to 
denote  a  rate  of  speed. 

Nautical  Mile. — A  unit  of  distance  at  sea, 
equal  to  6080,  or  1.152  statute  nules; 
a  Knot,  or  naiU, 

Nautical  Telegraphy* —  Telegraphy 
carried  on  at  sea;  wireless  telegraphy. 

Naval  Brass. — An  alloy  consisting  of  62% 
copper,  37%  zinc,  1%  tin;  it  does  not 
corrode  under  the  action  of  sea  water  and 
can  be  forged  hot. 

N.  B.  S. — Abbreviation  for  the  New  British 
Standard  wire  gauge. 

Nebulfs. — Cloud  like  luminous  masses  in 
the  heavens  situated  far  beyond  the  solar 
system.  They  have  been  observed  through 
the  telescope  to  consist,  in  many  cases,  of 
clusters  of  very  distant  stars. 

Needle. — 1.  The  pointer  which  swings  over 
the  dial  of  an  electric  or  other  measuring 
instrument. 

2.  A  light  magnetized  steel  pointer  sus- 
pended upon  a  pivot  in  a  mariner's  compass 
so  as  to  set  itself  in  a  north  and  south  posi- 
tion along  the  earth's  magnetic  meriaian. 

8.  In  dial  te1egraF)hy,  the  indicator  which 
swinfl^s  to  the  left  or  right  according  to  the  tele- 
graphic code. 

Needle  Annunciator. — ^An  annunciator 
having  an  index  needle  for  its  indications 
instead  of  a  drop. 

Needle  Electrode. — ^In  electro-therapeu- 
tics, an  electrode  shaped  like  a  needle,  de- 
signed for  dehcate  opKsrations. 


Needle    Instrument.  — 

employed  as  receiver  in 
graph.  It  consists,  in  its 
a  vertical  galvanometer  in 
needle  is  deflected  to  the 
a  dial,  when  a  current  is 
tion  or  another  aroimd  a 
the  needle. 


The  instrument 
the  needle  tele- 
simplest  form,  of 
which  a  magnetic 
right  or  left  over 
sent  in  one  direc- 
coll  surrounding 


Needle  Lubricator. — ^An  oil  vessel  whose 
cork  or  plug  fits  into  the  passage  where 
lubrication  is  desired^  this  plug  bemg  trav- 
ersed bv  an  easy  fittmg  needle  which  rests 
upon  the  shaft.  The  needle  prevents  a 
free  flow  of  oil,  but  its  vibration  causes  a 
small  steady  stream  to  trickle  down  it  into 
the  journal. 

Needle  of  Oscillation.  —  A  magnetic 
needle  used  to  measure  the  intensity  of  a 
magnetic  field,  by  a  calculation  of  the  num- 
ber of  oscillations  performed  by  it  in  a 
given  time;  an  oscillating  needle. 

Needle  Points. — 1.  Points  of  needles,  used 
to  fasten  fine  cabinet  work  together  as 
dowels. 

2.  Needles  used  as  points  for  compasses, 
dividers  and  other  mathematical  mstru- 
ments,  to  avoid  tearing  holes  in  the  paper. 
The  needles  are  usually  locked  in  the  point 
by  means  of  a  nut  and  bolt,  so  as  to  be 
easily  renewable. 

Needle  Telefl^aphy. — A  system  of  teleg- 
raphy once  widely  used  in  England,  but 
now  almost  wholly  su(>erseded  by  the 
Morse  svstem;  its  operation  depended  upon 
the  right  and  left  swings  of  a  magnetic 
needle  over  the  face  of  a  dial  according  to  a 
code  of  motions  comprising  the  entire 
alphabet. 

Negative. — 1.  The  opposite  to  positive. 
2.  In  electrical  apparatus,  the  pole  or  di- 
rection towards  which  the  current  is  sup- 
posed to  flow,  that  pole  which  wastes  away 
the  least  in  an  arc  lamp  or  during  elec- 
trolytic processes. 

Negative  Brushes  of  Dynamo. — The 

commutator  brushes  which  connect  with 
the  negative  terminal  of  a  dynamo. 

Negative  Brushes  of  Motor. — ^The  com- 
mutator brushes  which  connect  with  the 
negative  terminal  of  the  generator  driving 
the  motor. 

Negative  Bus  Bar. — ^The  bus  bar  which 
is  connected  with  the  negative  terminals 
of  a  group  of  dynamos. 


Negative  Carbon. 
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Negative  Pole. 


Negative  Carbon* — In  a  continuous  cur- 
rent arc  lamp,  the  lower  carbon  rod  to 
which  the  current  flows  across  the  arc  from 
the  upper,  or  positive  carbon. 

Negative  Char^. — A  charge  of  so  caUed 
resinous  electricity,  or  that  developed  by 
rubbing  sealing  wax,  or  other  resinous  ma- 
terials, with  wool  or  flannel. 

Negative  Component  of  Electrolyte. 

— The  electro-negative  ion,  or  one  of  the 
particles  of  a  solution  which  carries  a 
negative  charge. 

Nemtive  Conductor. — A  conductor 
which  leads  from  the  negative  terminal  of  a 
dynamo,  or  other  source  of  electricity. 

Neg^ative  Cnrrent.—In  needle  telegraphy, 
a  current  which  causes  a  deflection  of  the 
needle  to  the  left. 

NeMtiTe  Direction  of  Electrical 
Convection  of  Heat. — A  direction, 
opposite  to  that  of  the  electric  current,  fol- 
lowed bv  heat  in  passing  through  an  un- 
equally neated  conductor. 

Negative  Direction  of  Harmonic 
diotion. — Simple  harmonic  motion  par- 
taking of  a  left  to  right  direction. 

Neg^ative  Electric  Fluid. — According  to 
an  early  theory  of  electricity,  called  the 
double  or  two  fluid  theory,  that  "impond- 
erable" fluid  which  was  supposed  to  be  the 
cause  of  negative  electricity. 

Ne^tive  Electricity. — ^The  kind  of  elec- 
tricity developed  by  rubbing  sealing  wax, 
or  other  resinous  materis.1,  with  wool  or 
flannel;  resinotis  electricity, 

Nefjpative  Electrification. — ^A  charge  of 
resinous  electricity,  or  that  developed  by 
rubbing  sealing  wax  with  flannel;  a  nega- 
tive charge. 

Negative  Electrode. — 1.  In  a  primary 
cell,  the  cathode,  which  is  the  copper,  carbon, 
platinum,  etc.,  electrode,  is  tne  negative 
electrode^  while  the  pole  of  this  electrode 
is  the  positive  pole,  because  it  is  positive  in 
relation  to  the  external  circuit. 

2.  In  a  storage  cellt  the  spongy^  lead  plate, 
which  is  the  anode  during  discharge*  is  called  the 
negative  electrode,  and  its  pole  the  negative  pole. 

3.  In  Hectroplatina,  the  cathode,  or  the  metal 
plate  trough  which  the  current  leaves  the 
electrolyte. 

Ne^rative    Electromotive    Force. — A 

term  sometimes  applied  to  the  counter  deo" 


tromoHve  force.  This  is  an  E.  M.  F.  of  op- 
posite polarity  to  the  impressed  E.  M.  F. 
and  due  to  inductance  in  the  circuit. 

Negative  Element  of  Primary  Cell. — 

T^e  negative  electrode,  the  one  by  which 
the  current  leaves  the  cell;  the  cathode. 

Negative  Feeders.~The  conductors  lead- 
ing from  negative  mains  to  the  negative 
terminals  of  a  dynamo. 

Negative  Glow. — In  electrical  discharges 
between  electrodes  in  a  high  vacuum  tube, 
a  luminous  region  seen  next  to  the  Crookes' 
dark  space. 

Nemtive  Lap. — Paring  away  the  inside  or 
exhaust  edges  of  a  slide  valve  to  promote 
earlier  exhaust.  This  opens  communica- 
tion between  the  two  ends  of  the  cylinder 
at  one  portion  of  the  stroke,  but  the  ad- 
vantages gained  in  some  cases  outweigh 
this  defect.  Also  known  as  minus  insuie 
lap. 

Negative  Lightning. — A  term  applied  to 
those  branches  of  a  nash  of  lightning  which 
show  black  in  a  photographic  negative. 

Neg[atively  Excited. — Charged  with  neg- 
ative electricity,  as  when  a  resinous  sub- 
stance is  rubbed  with  flannel. 

Negative  Phase  of  Electrotonns. — ^An 

effect  of  reducing  the  electromotive  force 
in  a  nerve,  produced  when  a  current  is 
passed  through  the  nerve  in  a  direction 
.  opposite  to  that  of  the  nerve  current. 

Negative  Plate  of  Primary  Cell.— The 

negcUive  eiecirode,  being  the  copper,  carbon, 
platinum,  etc.,  plate. 

Negative  Plate  of  Storage  Cell.— The 
puite,  composed  of  pure  lead  with  a  spongy 
surface,  from  whicn  the  current  flows  to- 
wards the  positive  plate  in  the  process  of 
discharging;  it  is  usually  of  a  grayish  color. 

Negative  Pole. — 1.  The  south  seeking 
pole  of  a  magnet. 

2.  The  terminal  of  an  electric  generator, 
into  which  the  current  is  assumed  to  enter 
as  it  returns  from  the  external  circuit. 

3.  The  pole  of  an  electro-receptive  device 
connected  with  the  negative  terminal  of  a 
generator. 

4.  In  a  primary  celli  the  pole  of  the  positive 
plate,  being  negative  to  the  external  circuit. 

5.  In  a  storase  cell,  the  terminal  c "  the  nega- 
tive or  spongy  lead  plate. 


Negative  Potential, 
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Neutral  Line  or  Section  of  Magnet, 


Neg^ative  PoientiaL — In  general,  the 
lower  potential  which  causes  lines  of  force 
to  flow  towards  it  from  the  higher,  or 
positive  potential. 

Negative  Resistance. — ^The  condition  of 
an  electric  conductor  in  which  a  rise  of 
potential  occurs  as  the  current  flows 
through  it. 

Negative  Rotation. — ^The  turning  of  a 
rotating  body  from  left  to  right  or  in  the 
direction  of  the  movement  of  the  hands  of  a 
clock;  dockwiae  rotation. 

Negative  Side  of  Circuit.— The  side  of 
a  circuit  opposite  to  the  positive  side,  such 
that,  when  a  current  is  considered  as  flow- 
ing in  a  circle  about  an  observer  who  has 
his  head  in  the  negative  region,  the  current 
would  appear  to  flow  from  his  left  towards 
his  right,  with  clockwise  rotation. 

Negative  Spark. — A  spark  produced  by 
negative  electrification. 

Negative  Terminal. — 1.  In  a  primary 
cell,  the  terminal  of  the  positive  electrode. 

2.  In  a  storage  cell,  the  terminal  of  the 
negative  plate. 

3.  The  negative  pole  of  a  generator  or 
electro-receptive  device. 

Negative  Wire. — 1.  A  conductor  leading 
to  the  negative  i>ole  of  a  generator. 
2.  A  wire  having  a  negative  potential. 

Nemst  Lamp. — An^  incandescent  lamp 
having  for  its  light  giving  element,  a  pen- 
cil composed  of  the  refractory  oxides  of  rare 
earth,  termed  the  "  glower  ",  which  becomes 
incandescent  upon  the  passage  of  an  elec- 
tric current.  The  glower  is  a  non-con- 
ductor when  cold,  but  becomes  a  conductor  when 
heated.  The  necessaiy  heat  is  conveyed  to  the 
glower  by  means  <^  "neatera"  consisting  of  thin 
porcelain  tubes  wound  with  fine  platinum  wire  and 
coated  with  a  refractory  paste.  A  cut  out  device 
opens  the  circuit  through  the  heater  when  the 
glower  arrives  at  the  proper  temperature,  and  a 
steadying  resistance  called  the  "ballast"  prevents 
the  glower's  burning  out. 

Nemstt  Walter.-^Bom  1864.    A  German 

Ehysicist,  inventor  of  the  Nemst  electric 
imp  (1898). 

Net  Efieieney. — ^The  commercial  or  true 
efficiency  of  a  generator.  It  is  the  ratio  of 
the  output  of  power  to  the  input  of  power, 
and  may  be  calculated  by  the  equation; 

efficiency= po^^y^^^^ The  losses 

•^       po we  r  ou  tpu  t  +  losses. 

are  due  to  (a)  work  spent  in  exciting  the 


magneta,  (b)  resbtanoe  of  the  armature  winding, 
(c)  eddy  currents  and  the  varying  maflpaettsm  ox 
axxnature  core,  and  (d)  mechanical  friction. 

Netted  Globe. — A  glass  globe  for  an  arc 
lamp,  protected  by  a  wire  netting. 

Nettin|f»  Wire. — A  netting  of  wire  used  to 
protect  the  globes  of  arc  lamps. 

Network  of  Condnctors. — A  group  of 
interlacing  and  inter-connected  conductors 
in  an  electric  system. 

Network  of  Currents. — The  electric  cur- 
rents flowing  through  a  network  of  con- 
ductors. 

Neutral  Armature. — The  unmagnetized 
armature  of  a  neutral,  or  non-polarized 
telegraph  relay;  a  non-polarized  armature. 

Neutral  Bus  Bar. — In  the  three  wire 
system  of  electrical  distribution,  a  bus  bar 
connected  to  a  point  between  the  two 
dynamos. 

Neutral  Currents. — Stray  electric  cur- 
rents which  traverse  the  ground,  often  es- 
caping from  electric  railway  and  other 
electric  systems;  earth  currents. 

Neutral  Feeder. — ^A  feeder  connected 
with  the  neutral  wire  in  a  three  wire  system. 

Neutralise. — To  cause  a  charged  body  to 
lose  its  electrification;  to  discharge. 

Neutral  Line. — In  mechanics,  when  a 
beam  is  subjected  to  flexure,  there  is  a 
longitudinal  center  line  which  is  neither  in 
compression  nor  extension,  and  is  therefore 
subject  to  no  straining  action.  The  part 
where  this  line  cuts  any  particular  section 

is  termed  the  neutral  axU  of  the  beam ;  since  also 
the  tensile  and  compressive  forces  diminish  as  the 
neutral  axis  is  approachedt  girders  and  girder  like 
structures  are  freouentiy  lightened  out  in  their 
central  portions.  In  a  beam  of  uniform  section, 
the  neutral  line  corresponds  with  the  central  line 
of  the  cross  section.  In  beams  of  other  sections* 
it  will  be  the  mean  of  bending  sections. 

Neutral  Line  of  Commutator. — A  line 
passing  through  the  neutral  points  of  a 
commutator;  the  diameter  of  commutation. 

Neutral  Line  or  Section  of  Mapiet. — 

In  a  bar  magnet,  the  portion  of  the  magnet 
lying  midway  between  the  two  poles,  a 
region  where  there  appears  to  reside  no 
magnetic  attraction  whatever;  the  equator 
of  the  magnet. 


Neutral  Points  of  Commutator, 
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Nickd  Iron  CdL. 


Neutral   Points    of  Commiitator. — 

Points  at  the  extremities  of  the  diameter  of 
a  dynamo  commutator,  upon  which  the 
brushes  must  be  brought  to  bear  in  order 
to  avoid  sparking. 

Keutral  Points  of  Magnet. — Points 
upon  a  magnet  within  its  equator,  where 
there  is  no  polarity  or  attractive  power. 

Nentral  Points  of  Thermo-eleetrio 
Diagram. — The  crossing  points  on  a 
thermo-electric  diagram  of  the  lines  repre- 
senting the  thermo-electric  powers  of  any 
two  metals. 

Neutral  Relay. — A  telegraph  relay  in 
which  the  armature  of  the  electromagnet 
is  not  magnetized;  a  non-polarized  relay. 

Neutral  Salt. — In  chemistry,  a  salt  which 
exhibits  neither  acid  nor  alkaline  properties. 

Neutral  Solution. — The  solution  of  a 
neutral  metallic  salt  in  a  liquid. 


Neutral  Wire.— In  the  three  wire  system 
of  electrical  distribution,  a  central  con- 
ductor,  usually  much  smaller  than  the 
mains,  introduced  between  the  positive 
and  negative  mains,  and  kept  at  a  mean 
potential  between  them;  the  ooZance  wire. 

Neutral  Wire  Ammeter. — In  the  three 
wire  system  of  electrical  distribution,  an 
ammeter  in  the  circuit  of  the  neutral  wire  to 
determine,  when  the  system  is  not  "bal- 
anced '*,  how  much  the  current  in  one  main 
exceeds  that  in  the  other;  the  balance 
ammeter. 

Neutral  Zone  of  Magnet. — ^The  neutral 
line  or  section  of  a  bar  magnet  at  its  middle 
or  equator,  where  no  magnetic  attraction 
exists. 

New  Ohm. — A  term  sometimes  applied  to 
the  international  ohm.  It  is  the  unit  of 
electric  resistance  ociual  to  the  resistance 
offered  to  an  unvarying  current  by  a 
column  of  mercury  at  the  temperature  of 
melting  ice  and  having  a  mass  of  14.4521 
grams,  the  mercury  column  having  a  con- 
^ant  cross  sectional  area  and  a  length  of 
106.3  centimeters. 

Newton*  Sir  Isaac.— Bom  1642,  died  1727. 
An  English  mathematician  and  physicist, 
famous  for  his  discovery  of  the  universal 
law  of  gravitation.  He  also  discovered  the 
binomial  theorem,  differential  and  in- 
tegral calculus,  and  first  computed  the  area 


ci  the  bypeitwla.  He  invented  a  reflecting  tde- 
scope  in  1668.  He  completed  his  famous  work 
"Principia"  in  1687,  embodying  his  views  upon 
the  attraction  of  gravitation.  After  this  he  took 
active  part  in  public  affairs,  receiving  many  dis- 
tinctions and  honors,  and  at  his  death  was  buried 
in  Westminster  Abbey> 


Newton's  Laws  of  Motion. — 1.  If  a  body 
be  at  rest,  it  will  remain  at  rest;  or  if  in 
motion,  it  will  move  uniformly  in  a  straight 
line  until  acted  upon  by  some  force. 

2.  If  a  body  be  acted  upon  by  several  forces, 
it  will  obey  each  as  though  the  othecs  were  non- 
existent, and  this,  whether  the  body  be  at  rest 
or  in  motion. 

3.  If  a  force  act  to  change  the  state  of  a  body 
with  respect  to  rest  or  motion,  the  body  will 
offer  a  resistance  equal  and  directly  opposed  to 
the  force.  In  other  words,  every  action  is  op- 
posed by  an  equal  and  opposite  reaction. 

Nib. — A  deposit  which  forms  on  the  negative 
carbon  when  an  arc  is  maintained  between 
tw^o  parallel  carbons. 

Nickel. — A  bard  white  metal  capable  of  a 
high  polish.  Its  specific  gravity  is  8.9,  and 
it  melts  at  about  the  same  temperature  as 
iron.  It  is  magnetic  but  is  not  easily 
oxidized,  hence  its  use  in  nickel  plating.  An 
addition  of  5  per  cent  of  nickel  increases 
the  tensile  strength  of  steel  one-half;  the  metal 
is  used  in  nickel  plating,  as  mentioned  above,  and 
alloyed  in  e^ual  proportions  of  copper  and  sine 
(i  of  each)  it  constitutes  German  silver,^  much 
employed  for  mathematical  and  drawing  instru- 
ments* and  for  resistance  wires. 

Nickel  Alloy.— Any  alloy  containing  nickel; 
especially,  a  metal  of  German  ori^n,  from 
which  tubes  are  made  for  gas  engine  ignit- 
ers. 

Nickel  Bath. — A  bath  for  nickel  plating, 
in  which  the  solution  is  prepared  from 
nickel  salts,  or  other  double  sulphate  of 
nickel  and  ammonia. 

Nickel  Facing^  of  Electrot|rpe. — A  layer 
of  nickel  sometimes  deposited  upon  the  face 
of  an  electrotype  to  increase  its  durability. 

Nickel  Piling.— In  wireless  telegraphy, 
filings  of  nickel  used  in  connection  with  sil- 
ver filings  in  the  early  form  of  Marconi 
coherer. 

Nickeline.— A  nickel  allojr  specially  pre- 
pared for  use  in  electrical  instruments^  re- 
sistances, etc. 

Nickel  Iron  Cell. — A  storage  batt«ry  cell 
devised  by  Edison  which  is  claimed  to  be 
lighter  and  more  enduring  than  the  lead 
cell,  and  better  suited  to  electric  vehicle 
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service.  The  active  material  of  the  posi- 
tive plate  is  peroxide  of  nickel,  and  that  of 
the  negative  plate  finely  divided  iron. 

Nickel  Plating. — Electroplating  an  object 
with  nickel,  by  suspending  the  obiect  to  be 
plated  as  the  catnode  in  a  nickel  bath, 
while  a  sheet  of  rolled  nickel  forms  the 
anode. 

Nickel  Silver. — An  alloy  of  nickel,  copper, 
and  zinc,  usually  called  German  silver. 

Nickel  Steel. — Ordinary  soft  steel  to  which 
has  been  added  a  small  percentage  of  nickel; 
it  has  been  found  that  the  addition  of  about 
three  per  cent  (3.16  to  3.32)  produces  the 
most  favorable  results. 

Vigger. — A  shop  name  for  any  fault  en- 
countered in  the  working  of  electrical  ap- 
paratus; a  bug, 

Niffkt  Bell. — An  electric  call  bell  in  a  tele- 
phone station  so  connected  as  to  ring  con- 
tinuously until  answered  by  the  niglit 
operator.  Night  bells  are  similarly  em- 
ployed in  telegraph  and  hotel  offices. 

Nig^hi  Switch. — In  a  telephone  exchangCi 
a  switch  by  which  the  switchboard  drops 
are  placed  in  connection  with  a  night  bell 
which  summons  the  operator  the  instant  a 
drop  falls. 

Nippers. — Small  pinchers  for  holding,  break- 
ing, or  cutting  wire. 

Nipple.-^A  piece  of  pipe  net  exceeding  12 
inches  in  length,  tnreaded  at  each  end. 
This  is  the  pipemakers'  definition;  in  pipe 
fitting,  any  short  length  of  pipe  with  a  male 
thread  on  either  end;  nipples  are  classified 
according  to  length;  as,  aose,  short  and  long. 

Nipple  of  Carbon. — The  point  formed 
upon  the  tip  of  the  negative  carbon  in  a 
direct  current  arc  lamp,  just  below  the 
crater  of  the  positive  carbon. 

Niter,  Nitre. — A  biting,  white  nitrate;  niter 
is  used  in  the  arts  under  the  name  of  so/t- 
peter.  especially  in  the  manufacture  of  gun- 
powder. 

Nitrate. — A  salt  formed  by  the  action  of 
nitric  acid  on  a  base. 

Nitrate  of  Silver. — A  salt  employed  in 
silver  plating.  It  is  formed  by  the  chemical 
action  of  nitric  acid  upon  silver,  pure  silver 


being  added  in  small  qi^antities  to  a  warm 
mixture  of  one  part  distilled  water  to  four 
parts  strong  nitric  acid. 

Nitrate  of  Soda. — The  commercial  name 
for  sodium  nitrate,  also  known  as  Chili 
saltpeter,  occurring  in  immense  quantities 
just  below  the  surface  in  Peru  ana  Chili. 

Nitric  Acid. — Also  known  as  aqua  fortia, 
A  compound  of  hydrogen,  nitrogen,  and 
oxygen.  A  powerful  reagent  extensively 
used  in  the  manufacture  of  explosives,  coal 
tar  colors,  commercial  nitrates,  as  an 
oxidizing  agent,  etc.  In  the  Grove  and 
Bunsen  primary  cell,  nitric  acid  is  used  as  a 
depolarizer.  It  is  also  used  in  silver  plating 
to  form  the  nitrate  of  silver  salt. 

Nitro-s^elatin. — An  explosive  compoimd 
formed  by  dissolving  finely  subdivided 
gun-cotton  in  nitroglycerin,  and  containing 
over  90  per  cent  of  the  latter.  It  can 
only  be  fired  by  a  powerful  detonator. 

Nitrog^en. — A  gas  possessing  mainly  nega- 
tive properties,  being  ordorless,  tasteless, 
colorless,  non-combustible,  and  a  non-  sup- 
porter of  life  or  combustion;  it  is  an  element 
found  in  the  mineral  kingdom,  as  in  the  air 
(forming  four-fifths  of  its  volume),  in  the 
v^etable  kingdom,  as  a  common  constituent  of 
plant  tissue,  and  in  the  animal  kingdom,  as  in  the 
various  tissues  of  the  body.  Nitrogen  has  been 
liquefied:  one  cubic  foot  at  32°  temperature 
weighs  a  trifle  less  than  one  ounce. 

Nitrogen  Fixation. — If  a  spark  or  arc 
discharge  be  passed  through  the  air,  the 
oxygen  and  nitrogen  of  the  air  are  com- 
pelled to  combine  so  that  the  nitrogen  of 
the  air  is  fixed  as  a  useful  compound.  This 
process  is  called  the  fixation  of  atmospheric 
nitrogen.  The  chief  applications  are  m  the 
production  of  artificial  fertilizers  and  the 
preparation  of  explosives. 

Nitroglycerin. — A  violent  liquid  explosive 
formed  by  spraying  one  part  glycenn  on  a 
chilled  mixture  of  three  parts  nitric  and 
five  parts  sulphuric  acids.  The  nitro- 
glycerin floats  on  the  top  of  the  acid  mix- 
ture, is  drained  off,  wasned  with  an  alka- 
line solution,  and  then  filtered.  It  is  many  times 
more  powerful  than  gunpowder  and  ,can  be  fired 
whether  wet  or  dry»  but  ita  fluidity  hinders  its  use 
for  man^  purposes.  To  avoid  this  difficulty  and 
to  diminish  the  danger  of  transport,  a  very  porous 
siliceous  earth  is  mixed  with  nitroglycerin  forming 
dynamite.  Dynamite  can  only  be  exploded  by 
percussion. 

Nobili,  Leopoldo.--6om  1784,  died  1835. 
An  Italian  physicist,  inventor  of  a  type  of 
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galvanometer  (1825),  and  discoverer  of  the 
so  called  Nobili's  ring?  (1826). 

Nobili*0  RinM. — A  phenomenon  observed 
when  electro^sis  takes  place  through  a  lead 
solution  when  the  anode  is  a  plate  of  polish- 
ed metal  lying  horizontallv  imder  a  plati- 
num wire  as  a  cathode.  The  deposit  takes 
place  in  rings  showing  rainbow  tints;  also 
called  metaUochromes, 

Nodes. — 1.  In  a  circuit  through  which  an 
oscillatory  current  is  passing,  points  of  con- 
stant potential  located  between  each  loop 
of  vibration. 

2.  Points  in  a  transverselv  vibrating 
body,  as  a  string  or  wire,  which  remain  at 
rest  between  two  successive  vibrating  loops; 
nodal  points, 

NodnUtr  Deposit. — In  electroplating,  a 
deposit  of  uneven  thickness  caused  by  in- 
sumcient  current  density. 

Noise. — Sound  produced  by  irregular  vibra- 
tions, as  distinguished  from  tone, 

Noisjr  Arc. — ^An  aro  lamp  which  emits  a 
hissing  sound,  usually  as  the  result  of  too 
much  current;  a  hissing  arc. 

Nominal  Candle  Power. — ^The  illumina- 
ting power  at  which  an  arc  lamp  is  rated, 
being  always  far  above  the  actual  candle 

Eower;  thus,  a  so  called  2000  candle  power 
imp   has   an   actual   illuminating  power 
equal  to  only  about  875  candles. 

Non-arcing  Fuse. — A  safetv  fuse  made  of 
a  non-arcing  metal  which  will  melt  without 
forming  a  voltaic  arc. 

Non-arcing   Lifl^htnin^  Arrester.  —  A 

lightning  arrester  employing  fuses  made  of 
non-arcing  metal. 

Non-arcing^  Metal. — An  alloy  obtained  by 
uniting  certain  metals  of  the  cadmium  group 
which  have  such  properties  that  electrodes 
made  of  them  cannot  sustain  a  voltaic  arc. 

Non-antomatie  Variable  Resistance. 

^A  resistance  which  is  adjusted  by  hand  to 
its  variations  in  strength. 

Non-condensingf  Engine.  —  One  which 
discharges  its  steam  directly  into  the  atmos- 
phere. The  difference  between  the  con- 
densing and  non-condensing  engines,  with 
equal  pressure  of  steam  and  expansion,  is 
solely,  that  the  condensing  engine  has  the 


advantage  of  the  efifect  produced  by  the 
vacuum. 

Non-condactor. — 1.  A  substance  which 
does  not  allow  the  passage  of  electricitv 
through  it  at  all,  or  only  in  a  very  small 
degree;  an  insulator  or  dielectric. 

Strictly  speaking,  there  is  no  substance 
which  will  prevent  the  passage  of  electric- 
ity. The  substances  named  in  the  follow- 
ing list  are  more  or  less  efficient  in  the 
order  in  which  they  are  given,  the  best 
non-conductor  being  named  first:  dry  air, 
glass,  paraffin,  ebonite,  shellac,  gutta- 
percha, resin,  silk,  wool,  porcelain,  oils. 

The  most  efficient  non-conductors  lose 
their  virtue  if  their  surface  be  moist,  the 
electricity  i>a8sing  hy  the  conducting  power 
of  the  moisture.  This  circumstance  also 
shows  why  it  is  necessary  to  dry  previously 
the  bodies  on  which  it  is  desired  to  develop 
electricity  by  friction. 

2.  Any  material  which  is  a  poor  conductor  of 
heat.  Such  non-conducton  are  used  as  a  covering 
for  steam  pipes  or  for  retaining  the  coki  in  reCrig- 
eraton,  etc. 

Non-electrics. — ^A  name  formerly  errone- 
ously given  to  metallic  substances,  chiefly 
good  conductors,  which  were  for  a  long 
time  supposed  to  be  incapable  of  being 
electrified  by  friction.  It  was  afterwards 
discovered  that  if  they  were  mounted  on 
glass  handles  and  then  rubbed  with  silk  or 
fur,  they  behave  as  electrics. 

Non-ferric. — Not  containing  iron. 

Non-ferric  Inductance. — Inductance  ex- 
hibited by  a  circuit  which  does  not  contain 
iron. 

Non-ferric  Inductance  Coil. — ^An  in- 
ductance, or  choking  coil,  which  does  not 
have  an  iron  core. 

Non-ferric  Ha8:netic  Circuit. — ^A  mag- 
netic circuit  free  from  iron. 

Non-homogeneous  Current  Distribu- 
tion.— The  passage  of  an  electric  current 
with  uneven  density  through  a  conductor, 
as  exhibited,  for  example,  in  the  so  called 
skin  effect. 

Non-illumined  Electrode. — ^In  a  selenium 
cell,  the  electrode  which  is  not  exposed  to 
the  b'ght. 

Non-inductive  Circuit. — An  electric  cir- 
cuit which  possesses  a  very  smaU  amount 
of   inductance.     There    are    no   circuits 
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absolutely  non-inductive,  but  the  term  is 
applied  to  those  in  whicn  the  inductance 
ia  so  small  as  to  be  negligible. 

Non-indnetiTe  Load. — A  load  in  which 
the  current  is  in  phase  with  the  voltage 
across  the  load. 

Non-inductiTe  Resistanee.— Any  resist- 
ance free  from  self  induction. 

Non-indactiTe  Winding. — A  method  of 
arranging  a  coil  of  wire  m  an  electric  ap- 
paratus so  that  it  shall  contain  no  self  in- 
duction. This  mav  be  done  b3r  doubling 
the  wire  upon  itself,  and  then  winding  the 
two  parallel  halves  side  by  side. 

Non-interferinff   Fire    Tele^^aph* — A 

system  of  fire  amrm  signaling  in  which  two 
or  more  calls  may  be  received  at  the  same 
time  without  interference. 

Non-interfering  Street  Si^^nal  Box. — 

A  fire  alarm  box,  in  the  non-mterferin|;  fire 
telegraph  system,  which  allows  of  sendmg  a 
signal  which  will  not  interfere  with  any 
others  that  may  be  received  at  the  station 
at  the  same  time. 

Non-luminons  Heat  Radiation. — ^Radi- 
ation of  heat  waves,  which  have  frequencies 
such  that  they  are  incapable  of  sdffecting 

the  optic  nerve. 

« 

Non-lominoas  Radiation. — Invisible  ra- 
diation, as  of  light  waves  outside  the  range 
of  the  visible  spectrum,  and  of  heat  waves 
which  are  insensible  to  the  eye;  obscure 
radiation,  as  distinguished  from  light, 

Non-mae:netic  SteeL — Certain  grades  of 
nickel  steel,  and  other  steel  alloys,  which 
can  be  rendered  practically  unmagneiiz-' 
able, 

Non-nraltiple  Switchboard.-A  telephone 
switchboard  for  a  small  exchange,  as  dis- 
tinguished from  the  multiple  switchboard 
which  is  necessitated  when  the  number  of 
subscribers  exceeds  400  or  500. 

Non-oscillatory. — ^Free  from  oscillations 
or  vibrations. 

Non-oscillatory  Cbarg^e. — An  electro- 
static charge  produced  by  currents  uniform 
in  direction  and  flow,  as  distinguished  from 
a  charge  by  altematmg  or  oscillating  cur- 
rents. 


Non-oscillatory  Currents. — ^A  current 
uniform  in  direction  and  flow;  one  free 
from  oscillations  or  pulsations. 

Non-oscillatory  Disc]iari^.-A  discharge 
of  electricity  which  is  not  oscillatory  m 
character. 

Non-oscillatory  Intermittent  Carrent. 

— A  pulsating    current    having    uniform 
direction;  a  direct,  but  not  steady  current. 

Non-periodic  Alternating  Current. — 

An  alternating  current  whicn  rises  and  falls 
in  strength  without  periodicity  of  change. 

Non-polarisable  Electrodes. — In  elec- 
tro-therapeutics, electrodes  designed  to  be 
free  from  polarization. 

Non-polarised  Relay. — In  telegraphy,  a 
relay  with  an  electromagnet  which  nas  an 
unmagnetized  armature;  a  neutral  relay. 

Non-reactive  Circuit. — An  electric  circuit 
having  ohmic  resistance  only,  without 
capacity  resistance  or  inductance. 

Non-return  Valve. — An  automatic  valve, 
sometimes  a  hinged  clack,  but  more  fre- 
quently of  the  same  pattern  as  an  ordinary 
stop  valve  disconnected  from  its  spindle; 
it  opens  with  the  pulsation  of  a  pump  to 
pass  the  water,  and  closes  aa  soon  as  the  flow 
ceases,  preventing  a  backward  rush  of  the  water 
under  pressure.  A  boiler  feed  check  is  the  most 
familiar  example  of  a  non-return  valve.  UsuaUy 
called  a  check  valve. 

Non-sinasoidal  Current. — An  alternat- 
ing current  in  which  the  wave  shape  is 
distorted  from  the  true  sinusoid  form. 

Non-synchronoas  Motor. — ^A  term  some- 
times applied  to  the  induction  motor,  in 
which  tne  currents  supplied  from  the  ex- 
ternal source  are  led  through  the  field  coils 
onlv,  the  armature  not  being  connected 
with  the  external  circuit,  but  being  rotated 
by  currents  induced  by  the  varying  field  set  up 
by  the  alternating  currents  in  the  field  coils, 
father  the  field  or  the  armature  may  be  the 
revolving  member. 

Non-anifbrm  Ma8:netic  Flnz.— Magnetic 
flux  existing  in  varying  densities  through 
a  magnetic  circuit. 

Non-vibrating  Filament. — An  incandes- 
cent lamp  filament  fastened  at  a  point  in 
the  loop  to  a  small  iron  or  nickel  wire  fused 
into  the  glass  so  as  to  prevent  vibrations 
which  would  shorten  the  life  of  the  lamp. 
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Lamps  with  a  filament  anchored  in  this  way 
are  designed  for  use  in  street  cars  or  where- 
over  thoy  would  be  subject  to  severe  vibra- 
tion. 

Normal. — Conforming  to  established  rule. 

Normal  Current. — ^The  electric  current 
which  meets  the  requirements  of  an  electric 
system  or  machine  when  operating  .under 
normal  conditions. 

Normal  Earth  Currents. — ^The  electric 
currents  flowing  naturally  through  the 
earth  under  usual  conditions. 

Normal  Mag:netie  Day. — A  da^  in  which 
there  are  no  extraordinary  variations  in  the 
earth's  magnetic  elements. 

Normal  Voltag^e. — The  voltage  required 
for  an  elwtric  system  or  machine  when 
operating  under  normal  conditions. 

Normal  Voltaic  Arc. — A  voltaic  arc 
exhibiting  no  extraordinary  characteristics. 

North. — That  one  of  the  four  cardinal  points 
of  the  compass,  at  any  place,  which  hes 
in  the  direction  of  the  true  meridian  and  to 
the  left  hand  of  a  person  facing  the  east;  the 
direction  opposite  to  the  south. 

North  Pole. — ^That  point  on  the  earth, 
ninety  degrees  from  the  equator,  toward 
the  north. 

North  Pole  of  Ma^^et. — ^The  pole  of  a 
magnet,  or  magnetic  needle,  which  tends  to 
point  to  the  north;  also  known  as  the  boreal, 
marked,  north  seeking,  positive,  plus  (+), 
and  red  pole. 

North  Seeking  Pole.— The  north  pole  of 
a  magnet. 

Nose  Motor  Suspension. — ^A  method  of 
suspending  a  motor  upon  a  car  truck,  in 


which  one  side  of  the  motor  case  rests  upon 
the  axle,  while  a  projecting  lug  upon  the 
other  side  rests  upon  a  steel  crossbar. 

Notch  Wire  Gau^e. — The  usual  pattern 
of  wire  gauge  provided  with  notches,  cor- 
responding in  width  to  the  different  num- 
bers or  thicknesses  of  wire,  disposed  around 
the  circumference  of  a  plate  of  circular  or 
other  convenient  form. 

N  Ray's. — A  peculiar  kind  of  rayia,  discov- 
ered by  Prof.  Blondlot  of  the  University  of 
Nancy  to  be  emitted  by  a  Crookes  tube,  a 
Nemstlamp,  the  sun,  and  other  sources,  and 
to  have  properties  quite  distinct  from  those 
of  X-rays,  and  from  those  emitted  by  radio- 
active bodies  like  radium  or  uranium. 

Null  Method. —  A  method  of  making  elec- 
trical measurements  in  which  comparison  is 
made  between  two  quantities  by  reducing 
one  to  equalitv  with  the  other,  the  absence 
of  deflection  from  zero  of  the  instrument 
scale  showing  that  the  equality  has  been 
obtained;  the  zero  method. 

Null  Point. — A  term  sometimes  applied  to 
the  node  or  the  point  in  a  vibratmg  body 
which  remains  at  rest. 


Number  1  Side  of  Quadruples  Sys- 
tem.— ^Tn  telegraphy,  that  portion  of  the 
quadruplex  which  causes  and  responds  to 
tne  reversals  of  polarity. 


Number  8  Side  of  Quadruples  Sys- 
tem.— In  telegraphy,  that  portion  of  the 
auadruplex  which  causes  and  responds  to 
tne  increase  and  decrease  of  current 
strength. 

Nut  Lock. — In  machinery,  the  device 
adopted  for  securing  a  nut  in  place  so  that 
it  shall  not  slacken  back  and  become  loose 
in  consequence  of  vibration.  Usually 
called  lock  ntit 


/I— The  Greek  capit*l  letter 
"omega,"  used  as  a  aymbol  for 
the  wM^oAm. 


Oftk. — The  most  importaat  of  all  hard 
woods ;  it  has  a  strong  grain,  often  showing 
handHome  (tgures,  that  (Stained  by  sawing 
the  wood  quarterly  being  termed  tmattered 
oak.  Ita  color  is  from  light  grayish  yellow 
to  dark  brown,  and  it  takes  a  high  pohsh. 
0»k  la  employed  on  heavy  work  wl"-™  bt™« 
rtnatlb  uid  dimbility  %n  nqulrad. 
■hipbi''-'--    — '  >--ii-'-    - 


.lly«ber_  .  . , 

ture  BDd  iniide  deeoralioo. 


r;  alio  (or  fumi- 


Obliqna  and  P»FalI«l  Circuit  Ii»wa.— 

The  following  are  the  lawa  which  apply  to 
oblique  and  parallel  circuits  as  discovered 
by  Ampere. 

K    Tvo  portioTU  of  nrmiU  erauintf  obltQuetif 

tovardm  or  from  the  jtoitU  of  erotmn^.  and  rewt 
earJi  oOier,  tf  one  ruu  (o,  and  tit  ol/ur  from  Mot 

2.  Ttra  poToUtl  jmtforu  of  a  eirtuit  tMrait  tath 
other  if  the  currmia  in  Utem  arr  fiowing  in  the  eame 
dtridian  and  rrprl  tack  atimii  0%*  eurraU  fou  at 

3.  The  fane  exerted  b^ioeen  Aw  panJM  t»r- 
Hont  of  cinuite  in  proportvmai  lo  the  proditct  of  the 
^renalhe  af  the  luw  currcnO.  la  iht  Imflh  of  the  pnr- 
rionj.  anj  inorrfelif  projuirtiDiul  to  the  «inj>Ja  die- 
tanrt  b^wem  thtm. 


Obllqnlt  J-  of  Conneetio^  R«d. — Id  me- 
chanics lenKineering,  this  signifies  the  angle 
made  by  Uie  connecting  rod  of  a  Bteam 
engine  when  the  crank  pin  is  at  any  point 
of  ita  path  except  at  the  dead  centers,  the 
extreme  upper  and  lower  portions  of  its 
ntli,  napeclivFly.    The  effect  ot  the  obliquity  ta 

",8  ,|g|e  vslve  to  opmi   the  porta  un- 

each  end,   the  port  beioc  oloaed  Ind 
ittle  eai"         - 


n 


,mah  the  vaotint  ot  obii^ity. 

Obaenre  Radiation.— 1.  That  portion  of 
the  radiation   from   a   light  source   which 
fails  to  emit  light,  but  passes  off  in  heat. 
2.  In  a  luminous  spectrum,  radiation  ex- 
isting beyond  the  viotet  rays,  invisible  to 


OenUd,  Hant  ChHilum. 


the  eye.  but  known  by  their 
chemical  action  as  aclinic  or 
chemuMl  rays. 

OocInaloD  of  Oaaoa. — A  pro- 
perty, possessed  by  all  sub- 
Htancea  in  varying  degrees,  of 

abttorbing  particles  of  gas, 
especially  when  the  substanrc  is  heated 
and  then  allowed  t.o  cool  in  contact  with 
the  ^s. 

Oeclnkioii  Proc««». — A  method  ot  reduc- 
ing the  residual  gas  in  a  vacuum,  by  which 
the  exhausted  chamber  is  subjected  to  a 
heating  process,  resulting  in  the  absorption 
of  a  certain  amount  of  gas  by  the  heated 
walls  of  the  chamber. 


Oeto-polar  Drnamo. — A  multipolar  dy- 
namo providra  with  eight  field  magnet 
poles. 

Oeto-polar  Field. — An  electromagnetic 
field  produced  by  a  group  of  eight  field 
magnet  poles. 

Od. — A  supposed  force  alleged  by  Rcichen- 
bach   to   account   for   the   phenom  ' 

inimal  magnetism. 


Odoracope.  —  An  apparatus  for  testing 
odors,  in  which  a  carbon  contact  is  designed 
to  be  so  influenced  by  the  action  of  the  odor 
as  to  affect  the  indication  of  a  galvanom- 


Odylie  Rajra. — Alleged  Btrcamines  of  the 
od  force  BuppoBed  to  be  emitted  from  cer- 
tain crystals,  or  from  poles  of  magnets,  and 
especially  from  peculiarly  sensitive  persona 
who  thereby  exhibit  the  power  of  mee- 


Oerated. — The  unit  of  reluctance  or  mag- 
netic resistance,  being  the  reluctance  of- 
fered by  a  cubic  centimeter  of 


Oersted,  Han*  Christian.— Bom  1777, 
died  1851.  A  Danish  physicist,  noted  for 
his  experiments  on  the  magnetic  needle 
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with  the  electric  current;  he  discovered 
(1820)  that  a  magnetic  needle  was  de- 
flected by  an  electric  current  in  a  wire  pass- 
ing over  and  under  it,  and  he  first  suggested 
the  idea  (1821)  that  light  is  a  manifestation 
of  electromagnetism. 

Oersted's  Discovery. — ^The  inoportant 
discovery,  made  by  Hans  Christian  Oersted, 
the  Danish  scientist,  in  1819,  of  the  mag- 
netic effects  of  the  electric  current.  In 
1820,  he  showed  that  a  magnet  tends  to 

set  itself  at  right  angles  to  a  wire  carrying 
an  electric  current.  He  also  found  that  the  way 
in  which  the  needle  turns,  whether  to  the  right 
or  to  the^  left  of  its  usual  position,  depends  upon 
the  position  of  the  wire  that  carries  tne  current, 
whether  it  be  above  or  below  the  needle,  and  on 
the  direction  in  which  the  current  flows  through 
the  wire. 

Ofllee  Cable* — ^A  cable  connecting  a  tele- 
graph, or  other  ofHce,  to  the  main  circuit; 
an  electric  cable  adapted  to  indoor  service. 

Ofllee  Loop. — In  telegraphy,  a  pair  of 
wires  leading  to  an  office,  or  two  wires  lead- 
ing to  an  operator's  desk  within  a  telegraph 
office. 

Off  Position  of  Switch. — The  position  of 
a  switch  when  the  part  of  a  circuit  it  con- 
trols is  cut  out  of  the  main  circuit. 

Offset. — In  a  conduit  system  of  electrical 
distribution,  a  branch  connection  for  join- 
ing a  service  wire  to  the  conductors ;  a  lateral. 

Ohm* — ^The  practical  unit  of  electrical  resist-' 
ance,  equal  to  10*  C.  G.  S.  electromagnetic 
units.  It  is  named  for  G.  S.  Ohm,  the  Ger- 
man scientist.  An  ohm  is  equal  to  the  re- 
sistance offered  to  an  unvarying  electric 
current  by  a  column  of  mercury  at  32** 
Fahr..  14.4521  grams  in  mass,  of  a  constant  crosa 
sectional  area,  and  of  the  length  of  106.3  centi- 
meters The  value  of  the  ohm,  determined  by  a 
oommitteo  of  the  British  Association  in  1863, 
called  the  B.  A.  unit,  was  the  resistance  of  a 
certain  piece  of  copper  wire.  The  so  called  legal 
ohm  as  adopted  at  the  International  Congress  of 
Electricians  in  Paris  in  1884,  was  a  correction  of 
the  B.  A.  unit  and  was  defined  as  the  resistance 
of  a  column  of  mercury  one  square  millimeter  in 
section  and  106  centimeters  long,  at  a  tempera- 
ture of  32*"  Fahr. 

Ohmapre. — The  resistance  of  an  electrical 
circmt  in  ohms. 

Ohm,  George  Simon. — Born  1787,  died 
1854.  A  German  physicist,  noted  for  his 
researches  with  electric  currents.  He 
formulated  (1S27)  the  law  known  as  Ohm's 
law,  which  underlies  all  modem  electrical 
theory  and  measurement. 


Ohmic^Relating  to  true  electrical  lesist- 
ance  measured  in  ohms. 

Ohmie  Drop. — ^Drop  in  electrical  potential 
consequent  upon  onmic  resistance;  okmic 
loss. 

Ohmie  Loss. — The  ohmic  drop  or  loss  of 
potential  in  a  circuit  due  to  the  resistance 
offered  to  the  current  by  the  circuit.  It 
equals  the  product  of  the  current  by  the 
resistance 

Ohmie  Resistanee. — ^The  true  resistance 
in  an  electric  circuit,  as  distinguished  from 
the  counter-electromotive  force,  or  spurioits 
resistance  in  the  circuit. 

Ohmmeter. — A  form  of  galvanometer  for 
measuring  electrical  resistance,  in  which  a 
pointer  indicates  directly  the  number  of 
ohms  in  the  resistance  under  measurement. 

Ohm  Kile. — The  mUe  ohmf  a  wire  one  mile 
in  length  and  having  a  resistance  of  one 
ohm. 

Ohm's  Law. — The  law  that,  considering  a 
steady  flow  of  electricity  in  a  given  cir- 
cuit, the  amount  of  current  in  amperes  is 
equal  to  the  electromotive  force  in  voUs  divid- 
ed by  the  resistance  in  ohms;  this  law  was 
Gist  announced  by  Ohm,  the  German 
scientist,  from  whom  it  received  its  name. 

The  law  may  be  expressed  in  three  simple 
formulas,  when  I  is  used  as  the  ssrmbol  of  the 
current  strength  in  amperes,  R  as  that  of  the 
resistance  in  onms,  and  E  equals  the  electromotive 
force  in  volts,  as  follows: 

1.  I  =  W,  which  reads:  The  carrent  in  amperes 

equals  the  electromotive  force  in  yolts  divided  by 
the  resistance  in  ohms. 

^.    E  =  IR,  which   reads:   The  electromotive 
force  in  volts  equals  the  current  in  amperes  multi- 
plied by  tile  resistance  in  ohms. 
E 

3.  R  =  Y*  which  reads;  The  resistance  in  ohms 

equals  the  electromotive  force  in  volts  divided  by 
the  current  in  amperes. 

OiL — A  substance  expressed  or  drawn  off 
from  various  animal  and  vegetable  matters. 
It  is  insoluble  in  water,  but  is  sometimes 
soluble  in  alcohol,  and  always  in  ether;  it 
has  been  found  to  consist  of  glycerin,  a 
sweet,  thick,  syrupy  liquid,  united  with 
animal  and  mineral  acids.  Stearin  and 
margarin  prevail  in  the  solid  fats  and  olein 
in  the  liquid  oils.  There  are  also  mineral 
oils. 

Oil  Bath. — ^A  bath  or  reservoir  of  oil,  in 
which  revolving  parts  subject  to  excessive 


Oil  Break  StoUeh. 


807 


OolUe. 


friction  are  partially  or  wholly  immersed, 
to  provide  tnem  with  constant  lubrication. 
Worm  gearing,  when  run  at  a  high  speed, 
is  often  immersed  in  an  oil  bath. 

OU  Break  Switch* — ^A  t)[pe  of  ciicuit 
breaker  employed  in  transmission  lines  for 
breaking  the  circuit  under  oil. 

OU  Cooled  Traneformer. — ^A  transfonner 
employing  oil  instead  of  air  as  the  cooling 
agent,  the  oil  itself  being  maintained  at  a 
low  temperature  by  a  flow  of  cold  water 
through  spiral  tubes  within  the  trans- 
former case. 

Oil  Damping. — A  method  of  bringing  the 
moving  parts  of  an  electric  measuring 
instrument  quickly  to  rest  by  means  of  the 
resistance  offered  to  a  vane  or  paddle  by 
the  oil  in  which  it  is  immersed. 

Oil  Insulation. — Insulation  in  electrical 
work  by  the  use  of  oil.  Paraffin  oil,  for 
instance,  is  a  liquid  which  has  great  insu- 
lating properties.  On  accoimt  of  its  high 
specific  resistance,  a  thin  film  suffices  to 
prevent  leakage  from  one  conductor  to  an- 
other, even  though  the  potential  difference 
between  them  be  considerable. 

Oil  Insnlation  for  Storage  Battery. — 

The  use  of  resin  oil,  or  some  other  non- 
evaporating  oil,  in  the  cups  of  the  mush- 
room insulators  upon  which  the  storage 
cells  rest. 

Oil  Paper. — Oil  saturated  paper  sometimes 
used  for  insulation  purposes. 

Oil  Switch. — In  high  tension  electric  trans- 
mission, a  form  of  circuit  breaker  designed 
to  effect  the  breaking  of  the  circuit  under 
paraffin  oil;  an  oti  break  switch. 

Oil  Transformer. — A  transformer  which 
is  kept  insulated  by  being  immersed  in  oil, 
whicn  serves  to  insulate  the  coils  from  each 
other  and  the  core,  and  at  the  same  time 
acts  as  a  cooling  medium  by  conducting 
the  heat  away  from  the  coils  to  the  air  or  to 
a  system  of  water  pipes. 

Okonite. — A  compound  of  high  resistance 
employed  for  insulation  purposes. 

01ein.--A  colorless  oily  liquid  compound, 
the  chief  part  of  fatty  oils;  in  its  pure  form 
it  constitutes  olive  and  almond  oils. 

Olivette  Box. — An  apparatus  for  throwing 
a  flood  of  colored  light  upon  a  stage,  con- 


sisting essentially  of  an  arc  lamp  enclosed 
in  a  box  having  a  window  of  colored  glass. 

Omnibas  Bars. — Commonly  called  bus 
barSf  the  main  switchboard  conductors  to 
which  the  current  is  led  from  an  electric 
generator  through  suitable  cables,  switches 
and  indicating  instruments. 

Oadofl^raphe. — ^A  form  of  curve  tracer, 
devised  by  Hospitalier,  for  indicating  the 
shape  of  an  alternating  current  wave. 

One  Coil  Transformer. — ^An  atUotrans- 
former,  a  form  of  stationary  induction  ap- 
paratus having  onlv  one  coil,  any  part  of 
which  may  be  usea  as  a  primary  and  any 
part  as  a  secondary. 

One  Fluid  Cell. — A  primary  cell  contain- 
ing a  single  electrolvte.  such  as  dilute  sul- 
phuric acid,  into  whicn  the  plates  dip,  as 
distinguished  from  the  two  fluid  cell  em- 
ploying a  liquid  depolarizer. 

One  Fluid  Theo^. — A  theory  of  electric- 
ity proposed  by  Benjamin  Franklin.  Ac- 
cording to  this  theory  there  is  a  single 
electric  fluid  uniformly  distributed  in  all 
bodies,  but  when  a  body  is  subjected  to 
friction,  the  electricity  becomes  unequally 
distributed  between  the  thins  rubbing  and  the 

lown    as 


distnouted  oecween  tne  toing  ruoDinff  a 
thixii^   rubbed,    creating  a  condition    Kn( 
vomhV€  and  neootive  electricitjr,  according  as  one 
body  has  more  or  less  dP  the  fluid  than  the  other. 


One    Layer    Armature    Winding. — ^A 

method   of  armature  winding  which  re- 
quires only  one  layer  of  wire. 

One  Way  Door  Trisrg^er. — ^A  door  trig- 
ger which  gives  an  electrical  signal  only 
when  the  door  is  opened. 

''On  Position*'  of  Switch.— The  position 
of  a  switch  when  the  part  of  a  circuit  it  con- 
trols is  placed  in  connection  with  the  main 
circuit. 

Onyx. — ^A  kind  of  quartz,  resembling  agate, 
made  up  of  lavers  or  different  colors, 
often  sharply  denned.  Varieties  which  are 
brought  from  Algeria  and  Mexico  are  now 
used  largely  for  decorative  finish,  building 
purposes,  etc. 

Oolite. — A  limestone  composed  of  small 
grains,  more  or  less  spherical  in  appearance, 
each  formed  of  concentric  coats  of  calcium 
carbonate  around  a  nucleus,  usually  a  grain 
of  sand;  used  for  building,  and  valued  on  ac- 
count of  the  ease  with  which  it  may  be 
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worked  and  its  soft  and  pleasing  color. 
Also  known  as  oolitic  freestones  and  In- 
diana marble, 

Oose* — To  discharge  slowly;  to  flow  through 
something  or  leak  out  imperceptibly. 

Opaline. — ^Trade  name  for  a  translucent 
glass  designed  to  soften  and  diffuse  the 
fight  of  an  electric  lamp. 

Opaque* — Not  having  the  power  of  trans- 
mitting light;  impervious  to  light  rays. 

Open  Arc  Lamp. — Any  form  of  arc  lamp 
m  which  the  air  has  free  access  to  the  arc,  as 
distinguished  from  the  enclosed  arc  lamp, 
from  which  the  air  is  largely  excluded. 

Open  Box  Conduit. — A  simple  form  of 
underground  conduit  consisting  of  an  open 
wooden  trough  of  sufficient  size  to  contain 
the  cables;  after  the  cables  are  laid  it  is 
completed  by  filling  with  hot  pitch  and 
nailing  on  a  wooden  cover. 

Open  Circuit. — A  circuit,  the  electrical 
continuity  of  which  has  been  interrupted; 
a  broken  circuit. 

Open  Circuit  Battery. — A  battery  of 
open  circuit  primary  cells,  designed  only  for 
intermittent  use,  such  as  ringing  electric 
bells,  and  especially  for  telephone  work. 
The  cells  soon  become  exhausted  upon 
closed  circuit,  but  regain  working  order 
while  resting  between  periods  of  activity. 

Open    Circuit    Burg^lar    Alarm. — An 

alarm  rung  by  an  open  circuit  battery,  the 
circuit  of  which  is  momentarily  closed  by  a 
contact  made  by  an  opening  door  or  win- 
dow. 

Open  Circuited. — ^Having  a  broken  or 
interrupted  circuit. 

Open  Circuited  Conductor. — A  con- 
ductor whose  electric  continuity  is  inter- 
rupted, not  forming  a  completed  circuit. 

Open  Circuited  Di«cliar|;e. — An  elec- 
tric discharge  effected  through  a  broken 
circuit. 

Open  Circuit  Induction.  —  Inductive 
effects  produced  in  open  circuits  due  to 
oscillatory  discharges  taking  place  in  neigh- 
boring circuits;  oscillatory  induction. 

Open  Circuit  Primary  CelL— Cells,  of 
which  the  Leclanche  cell  is  an  example, 


normally  kept  on  open  circuit  for  use  in 
intermittent  work.  They  quickly  become 
exhausted  on  closed  circuit,  but  gradually 
recover  when  the  circuit  is  opened  again. 

Open  Circuit  System. — In  telegraphy,  a 
system  of  signaling  in  which  the  battel^ 
is  placed  to  the  line  only  when  a  message  is 
bemg  transmitted,  at  other  times  remaining 
on  open  circuit. 

Open  Circuit  Thermostat. — A  thermo- 
stat the  heating  of  which  opens  a  circuit. 

Open  Circuit  Transformer. — A  trans- 
Tormer  making  use  of  the  air  to  complete  its 
magnetic  circuit;  an  aero-ferric-circuit 
transformer;  a  polar  transformer. 

Open  Coil  Armature. — An  armature  so 
wound  that  the  coils  are  kept  separate,  each 
coil,  in  its  simplest  form,  having  a  separate 
two  part  commutator,  so  that  each  com- 
mutator segment  has  only  one  end  of  one 
coil  connected  with  it;  the  coils  being  open 
or  disconnected  at  the  commutator  when 
the  brushcj*  arc  removed. 

Open  Coil  Disc  Armature. — ^An  open 

coil  annature  of  the  disc  type. 

Open  Coil  Drum  Armature. — An  open 

coil  armature  of  the  drum  type. 

Open  Coil  Dynamo. — A  dynamo  having 
an  open  coil  armature. 

Open  Coil  Rin^  Armature. — An  open 

coil  armature  of  the  ring  pattern. 

Open  Hearth  Process. — A  method  of 
making  steel  in  large  quantities  from  pig 
iron  and  ore,  by  molting  the  materials  in  a 
bath  formed  as  the  hearth  of  a  reverbera- 
tory  furnace.  The  furnace  was  originally 
invented  by  Sir  Charles  Siemens,  whose 
name  is  inseparably  associated  with  the 
process. 

Open  Iron  Maenetie  Circuit. — ^A  mag- 
netic circuit  that  is  completed  partly 
through  metal  and  partly  through  air;  an 
aero-ferric  magnetic  circuit. 

Open  Magnetic  Core. — A  magnet  core  in 
an  open  iron  magnetic  circuit. 

Open  Work. — A  method  of  running  elec- 
tric wires  in  buildings  so  that  the  wires  are 
in  plain  sight  upon  the  walls  and  ceilings, 
being  supported  by  porcelain  cleats  or 
knobs;  cleat  work. 
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Op«rator*8  Position. — At  a  multiple  tele- 
phone switchboard  the  place  occupied  by 
an  operator  before  a  particular  section,  pro- 
vided with  a  complete  opera  tor  a  equipment. 

Operator's  Set. — The  telephone  equip- 
ment of  an  operator's  position  at  a  section 
of  a  multiple  switchboard;  the  set  used  by 
an  operator  at  a  telephone  exchange. 

Operator's  Shelf. — A  shelf  at  a  telephone 
switchboard  upon  which  the  operator's 
equipment  is  placed. 

Opposed  Electromotive  Forces.  — 

Electromotive  forces  acting  in  opposition 
to  one  another. 

Opposed    Uag^netomotive    Forces.  — 

Idagnetomotive  forces  acting  in  opposition 
to  one  another. 

Opposite  Poles. — Magnetic  or  electric 
poles  of  different,  unlike  or  opposite  sign; 
thus,  north  (n)  and  south  (s),  or  positive 
(+)  and  negative  (-)  are  opposite  poles. 

Opposition. — In  an  alternating  current 
circuit,  if  the  angle  of  lag  or  or  lead  be- 
tween two  series  of  waves  be  180°,  the 
waves  are  said  to  be  in  opposition. 

Optical  Efficiency  of  Li^ht.— The  ratio 
between  the  h)eat  rays,  or  obscure  radiation, 
and  the  light  rays,  or  luminous  radiation, 
emitted  by  a  source  of  light. 

Optical  Indicator. — An  apparatus  for 
taking  indicator  diagrams  of  internal  cum- 
bustion  engines,  in  which  the  diagram  is 
traced  by  a  ray  of  light  reflected  upon  a 
ground  glass  screen  or  on  a  photographic 
plate;  the  manograph. 

Optical  Pyrometer. — A  type  of  radiation 
pjrrometer  for  extra  high  temperature 
measurement.  It  is  based  upon  the  rela- 
tion of  color  and  temperature  in  glowing 
"black  bodies,"  the  color  of  such  a  body 
changing  with  increasing  temperature  from 
red  to  yellow  and  finally  to  white.  The  tempera- 
ture is  viewed  through  a  tube  containing  a  small 
glow  lamp  connected  to  a  battery  th  rough  an  am- 
meter and  a  re«istanco.  The  point  of  disappear- 
ance, of  the  filament  is  notea  by  the  ammeter 
reading  and  the  corresponding  temperature  found 
from  a  table. 


Optic  Axis. — A  line  with  reference  to 
which  the  eye  is  symmetrical,  being  a 
straight  line  passing  through  the  pupil  and 
crystalline  lens;  the  axis  of  the  eye. 


Oral  Annunciator. — An  electric  annunci- 
ator operating  in  connection  with  a  speak- 
ing tube;  a  speaking  tube  annunciator. 

Ordinary  Jacks. — In  a  multiple  telephone 
switchboard,  the  multiple  jacks  which  are 
duplicated  at  each  section  of  the  board, 
as  distinguished  from  the  answering  jacks 
belonging  only  to  those  lines  whose  calls 
are  received  at  a  particular  section. 

Ordinary  Lines. — Tn  a  call  wire  telephone 
system,  the  lines  over  which  conversation 
is  carried  on  between  subscribers,  as  dis- 
tinguished from  the  call  wires  by  which  the 
exchange  is  called  up. 

Ore. — The  native  form  of  a  metal,  whether 
free  or  uncombined;  as,  gold,  copper,  etc., 
or  combined;  as,  iron,  lead,  etc.;  the  deposit 
in  which  a  metal  is  mineralized  together 
with  veinstone  or  gangue,  whence  it  has  to 
be  mechanically  freed  by  dressing,  and 
chemically  by  smelting. 

'Ore  Coneentratingf. — In  mining,  the  pro- 
cess of  sorting  ores  according  to  richness  or 
of  separating  the  metallic  portions  of  pow- 
derea  ores  from  the  gangue.  There  are  two 
processes,  the  dry  and  the  wet.     In  the  dry 

process f  the  main  principle  is  a  blast  of  air, 
carrying  or  blowing  the  ores  according  to  their 
weight,  the  quantity  of  metal  determming  the 
relative  weight.  According  to  their  weight,  the 
ores  fall  down  and  are  thus  separated,  uie  very 
light  parte  being  blown  away  aa  dust.  In  the 
wet  proceast  the>ore  is  put  in  a  machine  which  has 
a  circular,  concave  grooved  disc,  with  a  continu- 
ous rotary  motion.  The  ore  and  water  are 
received  at  the  center  and  carried  by  centrifugal 
force  to  the  rim  of  the  disc,  the  heavier  particles 
settling  in  the  rifflea.  The  debris,  separsted  by 
the  current  and  constant  agitation,  is  carried  out 
by  the  sluice  across  the  disc  to  the  center,  and  is 
discharged  through  openings  into  the  stationary 
circular  sluice  below. 

Orig^an*  Electric. — A  pipe  organ  in  which 
the  wind  is  sent  into  tne  pipes  under  elec- 
trical control. 

Ornnle  Chemistry. — ^The  branch  of 
chemistry  which  treats  of  the  substances 
which  form  the  structure  of  organized  be- 
ings and  their  products  whether  animal  or 
vegetable;  called  also  chemistry  of  the  carbon 
compounds. 

Orientation  of  Ma^^etic  Needle.-^The 
arriving  of  a  magnet  needle  at  a  position  of 
rest  in  the  earth's  magnetic  meridian. 

Orifi^natingf  Call. — ^The  original  call  of  a 
subscriber  received  at  a  telephone  ex- 
change, requesting  connection  with  another 
subscriber. 
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Orig^liiatin^  Operator. — The  operator  at 
a  telephone  exchange  who  receives  the 
originating  call  and  transmits  it  to  another 
station,  when  the  communication  involves 
more  than  one  exchange  in  it«  delivery. 

Oscillating  Current. — An  electric  current 
consisting  of  a  succession  of  waves  of  con- 
stant length,  decreasing  in  ampUtude  in  con- 
stant proportion;  an  oscillatory  currerU, 

Oscillating^  Current  Transformer. — A 

transformer  in  the  circuit  of  an  oscillating 
current. 

Oscillating  Discharge. — ^An  oscillatory 
or  surging,  discharge;  the  discharge  of  a 
condenser  through  a  circuit;  the  sudden 
make  and  break  of  a  circuit;  the  electro- 
static charge  in  a  circuit  caused  by  a  light- 
ning stroke;  all  giving  rise  to  oscillating 
currents. 

Oscillatinn^  Electromotive  Force. — An 

electromotive  force  having  a  constant 
period  of  vibration,  but  with  varying  am- 
plitude; the  electromotive  force  of  an  aUer- 
ruUing  current. 

Oscillating  Intermittent  Currents. — 

Oscillating  currents  of  the  type  produced 
by  the  discharge  of  a  static  condenser. 

Oscillating  Needle. — A  needle  employed 
to  measure  a  magnetic  force  by  the  numoer 
of  oscillations  it  makes  when  disturbed 
from  a  state  of  rest  in  a  magnetic  field.  It 
follows  a  law  similar  to  the  law  of  a  vibrat- 
ing pendulum,  that  the  square  of  the  niun- 
ber  of  oscillations  in  a  given  time  is  pro- 
portional to  the  force. 

Oscillating  Stresses. — In  mechanics, 
stresses  by  which  structures,  or  the  mem- 
bers of  structures,  are  placea  alternately  in 
tension  and  compression ;  as,  for  example,  in 
counterbraced  structures  subject  to  alter- 
nate moving  loads.  The  conclusions  de- 
duced from  the  experiments  in  this  direction  show 
that  when  a  bar  is  subject  to  these  oscillations  in 
stresses,  the  total  stress  on  the  bar  is  equal  to 
their  sum;  that  is,  supposing  a  tensile  stress  of 
two  tons  and  a  compressive  stress  of  two  tons, 
alternately  applied,  the  equivalent  is  a  total  stress 
of  four  tcnis. 

Oscillation. — 1.  A  moving  backward  and 
forward;  vibration;  swingmg,  like  a  pen- 
dulum. 

2.  When  the  frequency  of  an  alternating 
current  rises  to  the  value  of  a  million  or  so, 
the  current  is  termed  an  eledric  oscillation, 
especially  in  wireless  telegraphy. 


Oscillation  Constant. — In  circuits  con- 
taining electric  vibrations,  the  square  root 
of  the  capacity  of  the  circuit  multiplied  by 
the  square  root  of  the  self  induction  is  called 
the  oscillation  constant  of  the  circuit.  In 
different  circuits  having  the  same  oscil- 
lation constants,  the  natural  periods  of 
vibration  are  the  same. 

Oscillation  Frequency. — The  number  of 
complete  periods  executed  in  a  second  of 
time  by  a  rapidly  alternating  electric  cur- 
rent is  callecf  the  frequency  of  its  alterna- 
tions or  oscillations. 

OscillationSf  Electric. — 1.  In  wireless 
telegraphy,  electromagnetic  waves  set  up 
in  the  ether  by  the  transmitting  instru- 
ment or  oscillator. 

2.  The  discharge,  of  a  vibrating  charac- 
ter, produced  by  a  condenser,  such  as  a 
Leycten  jar,  through  a  conductor  of  low 
resistance. 

3.  The  oscillating  currents  caused  by  the 
disturbed  equilibrium  of  an  electric  circuit. 

Oscillator. — ^A  device  for  creating  electric 
oscillations,  especially  in  wireless  teleg- 
raphy. 

Oscillatory. — Having  a  swinging  or  vibra- 
tory movement. 

Oscillatory  Chars^flf. — Producing  an 
electric  charge  by  the  use  of  an  oscilkting 
current. 

Oscillatory  Djmamo*  or  Generator. — 

A  form  of  dynamo  in  which  the  armature, 
instead  of  rotating,  performs  oscillatory 
movements  in  the  electromagnetic  field; 
a  tuning  fork  dynamo. 

Oscillatory  Inductance.  —  Inductance 
produced  m  a  circuit  possessing  electrical 
oscillations. 

Oscilloi^apli. — An  instrument  for  deter- 
mining the  form  of  alternating  current 
waves.  It  is  in  reality  a  galvanometer 
having  a  moving  system  capable  of  ex- 
tremely rapid  vibration,  fittea  with  a  suit- 
able arrangement  for  recording  the  vibra- 
tions. The  deflection  at  any  instant  is  practically 
proportional  to  the  current  flowinic  through  it  at 
that  instant,  in  spite  of  the  fact  that  the  current 
may  be  varying  very  rapidly  in  strength  and 
direction.  It  must  be  critically  damped,  as  any 
tendency  to  overshoot  would  distort  the  wave 
form  from  its  true  shape. 

A  new  use  for  the  oscillograph  is  found  in  the 
investigation  of  the  oscillations  which  occur  vrhen 
switching  oflf  a  continuous  current  in  an  induction' 

,  less  circuit.   A  record  is  obtained  photographically 


mm 


Osmin  Lamp. 


311 


Outgoing  SigndU. 


showing  most  oleariy  aimultaneous  variations  of 
different  amplitudes.  It  is  suggwted  that  a 
valuable  application  of  the  oocillogmph  to  wire- 
less telegrapny  may  be  made  in  this  way. 

OsmIn  Lamp. — A  tvpe  of  tunmten  incan- 
descent lamp  manufactured  in  Vienna.  It 
has  a  squirted  filament  ot  powdered 
tungsten  prepared  by  a  colloidal  process 
and  held  together  by  an  organic  binding 
material.  This  lamp  shows  remarkable 
life  and  high  efficiency. 

Osmium. — ^A  rare  metal  employed  as  a 
filament  in  a  certain  tjrpe  of  incandescent 
lamp.  It  is  nearly  twice  as  heavy  as  lead, 
and  is  almost  infusible.  It  is  malleable  and 
ductile  with  high  electric  resistance.  The 
pure  metal  is  not  drawn  into  fine  wire  for 
filaments,  but  finely  divided  osmium  is  mixed  into 
a  paste  whicdk  is  forced  through  dies  producing 
threads  whidi  are  formed  by  beating  by  an  eleo* 
trie  current  in  the  presence  of  certain  gases. 

Osmium  Lamp. — A  type  of  incandescent 
lamp  used  to  some  extent  in  European 
coimthes.  It  was  invented  by  Dr.  Wels- 
bach  who  designed  the  Welsbach  burner. 
The  filament  composed  of  pure  porous 
osmium  is  made  in  long  U  shaped  loops  an- 
chored to  a  glass  rod  in  the  base  of  the  bulb. 
Osmium  lamps  have  long  life  and  great 
candle  power  with  low  watt  consumption. 

Osmometer. — An  instrument  for  measur- 
ing the  action  of  osmose. 

Osmose* — The  tendency  of  liquids,  differing 
in  density,  to  pass  through  an  intervening 
porous  partition,  and  to  mix  or  become  dif- 
fused. 

Osmose*  Electric. — The  passage  of  an 
electrolyzed  liquid  into  another  lic^uid 
through  an  intervening  porous  partition; 
also  called  osmosis.  Porret  observed  that 
if  a  strong  current  be  led  into  certain 
liquids,  a  porous  partition  being  |)laced 
between  the  electrodes*  the  liquid  is  carried  b^ 
the  current  through  the  porous  partition,  until  it 
is  forced  up  to  a  higher  level  on  one  side  than  on 
the  other.  This  electric  action  is  most  pronounced 
when  the  experiment  is  made  with  liquids,  which 
are  poor  conductors.  The  movement  of  the 
liquia  takes  place  in  the  direction  of  the  current. 

Osmotic  Pressure. — ^The  pressure  exerted 
between  liquids  of  different  densities, 
which  gives  rise  to  the  phenomenon  of 
osmose. 

Osteotome*  Electric. — A  surgical  saw 
operated  by  electricity. 

Otto  Cycle. — ^The  four  phase  cycle  com- 
monly employed  in  internal  combustion  en- 


gines, giving  an  impulse  each  alternate  rev- 
olution or  every  fourth  stroke. 

After  explosion:  (1)  the  return  or  exhaust 
stroke  of  tne  piston  expels  the  products  of 
combustion  from  the  cylinder;  (2)  the  Buction  or 
next  outward  stroke  draws  in  a  fresh  charge  of 

5 as  or  vapor  with  the  properly  proportioned 
ilution  oi  atmospherio  air;  (3)  the  compreaaum 
or  return  stroke  which  compresses  the  charge 
into  the  clearance  preparatory  to  (4)  the  explo- 
non  which  does  work  on  the  piston.  Usually 
called  /oiir  cycle. 

Out  and  Out. — A  shop  term,  signifying  an 
outermost  dimension  embracing  the  ex- 
treme extent  of  the  dimension.  Also  called 
over  all. 

Outboard  Dearingf. — ^The  bearing  of  an 
electric  generator  on  the  commutator  end. 

Out  Current  of  Telephone  Relay*  or 
Repeater. — The  current  of  the  local 
circuit  connected  with  a  telephone  relay, 
which  current  acts  on  the  second  line  wire 
with  reinforced  strength  when  influenced 
by  the  receiver  diaphragm  of  the  first  line. 

Outdoor  Transformer. — A  transformer 
intended  for  use  out  of  doors;  a  street  trans^ 
former. 

Outer  Circuit. — The  external  circuit,  or 
the  portion  of  an  electric  circuit  not  includ- 
ed within  an  appliance. 

Outers. — In  the  three  wire  system  of  elec- 
trical distribution,  the  positive  and  nega- 
tive mains  as  distinguished  from  the  central 
neutral  wire. 

Out^oin^  Call. — A  call  sent  from  a  tele- 
phone exchange,  as  distinguished  from  a 
call  received  by  the  exchange. 

Outflfoinflf  Call  Trunk  Line. — A  tele- 
phone trunk  line  employed  at  an  exchange 
for  issuing  outgoing  calls. 

Outifoinif  Current. — In  telegraphy,  the 
current  sent  out  by  a  station  over  the  line, 
as  distinguished  from  a  current  received  at 
the  station,,  or  from  the  return  current. 

Out^oinff  End. — The  end  of  a  telephone 
line  at  which  outgoing  calls  are  issued  from 
an  exchange. 

Out^inff  Lines. — ^Telephone  lines  over 
which  calls  are  issued  by  an  exchange. 

Outffoinflf  Simals. — In  telegraphy,  sig- 
nal sent  out  by  a  station,  as  distinguish^ 
from  the  incoming  signals  at  that  station. 
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Ontg^oin^  Wires.  —  Any  wires  leading 
out  from  a  place  or  apparatus. 

Oatlet. — ^A  point  in  a  ceiling,  wall,  or  else- 
where, out  of  which  wires  are  led  for  making 
electrical  connection  with  lamps  or  other 
devices. 

Outlet  Block. — ^A  safety  cut  out  located 
at  an  outlet. 

Outlet  Box. — A  box  located  at  an  outlet  to 
enable  proper  connections  to  be  made  be- 
tween tne  outlet  conductors  and  the  branch 
wires. 

Oatlet  Insulator* — An  insulator  for  elec- 
trically safeguarding  an  outlet. 

Out  of  True. — ^A  shop  term,  signifying 
inaccuracy  of  work.  A  winding  piece  of 
board  or  metal,  or  a  wobbling  or  eccentric 
piece  of  lathe  work  is  said  to  be  ovt  of  true. 

Output. — 1.  The  rate  of  useful  energy 
delivered  by  a  machine. 

2.  The  quantity  of  anything  manufac- 
tured, or  produced  in  a  works  or  mine 
during  a  stated  period. 

Output  of  Dynamo. — ^The  available  elec- 
trical energy  delivered  by  a  dynamo  at  its 
terminals,  measured  in  watts  or  kilowatts. 
The  output  of  a  dynamo  is  classified  as 
gross  and  net.  The  gross  output  being  the 
number  of  amperes  multiplied  by  the  total 
voltage  developed;  the  net  output  being 
the  number  of  amperes  multiplied  by  the 
volts  at  the  terminals. 

Outriflffl^er. — A  horizontal  bar  attached  to 
a  telegraph  pole  in  order  to  truss  it  against 
a  lateral  strain. 

Outrif^fl^er  for  Arc  Lamp. — An  arm  for 

suspending  an  arc  lamp  at  the  desired  dis- 
tance beyond  its  support. 

Outside  Air  ^  Gap. — A  device  used  in 
jump  spark  ignition,  consisting  of  two 
adjustable  electrodes,  having  their  termi- 
nals slightly  separated  and  placed  in  the 
secondary  circuit  in  series  with  the  plug. 
Its  object  is  to  prevent  any  leakage  of 
current  in  case  of  defective  plug  insulation  by 
preventing  the  flow  of  the  seoondarr  current  until 
the  voltage  has  been  raised  enougn  to  suddenly 
break  down  the  resistance  at  the  outside  ^ap  and 
also  that  at  the  plug.  This  results  in  a  discharge 
through  the  air  gap  of  the  plug,  instead  of  over 
the  nooted  surfaces  of  the  plug  insulation.  As 
usually  constructed  the  outside  gap  conaisti  of 


two  adjustable  electrodes,  set  into  a  short  piece 
of  glass  tubing.  Also  known  as  an  awdUary  oxr 
gap. 

Outside  Wiriuflf. — ^Wiring  that  is  attached 
to  the  surface.    Not  conceded. 

Outside  Work. — 1.   Work  executed  out- 
side a  shop,  in  distinction  to  shop  work. 
2.  Outside  wiring. 

Outward  Flow. — In  hydraulics,  a  turbine 
is  said  to  have  outward  flow  when  the 
water  enters  at  the  center  and  escapes 
radially  through  the  revolving  blades  in 
an  outward  direction. 

OvaL — 1.  An  e^  shaped  figure;  an  ellipse 
constructed  witn  three  axes,  one  of  the 
minor  axes  being  shorter  than  the  other. 
2.  A  common  term  for  an  ellipse. 

Over  Compounding.  —  Increasing  the 
series  windings  in  a  compound  wound 
dynamo  in  order  that  it  may  preserve  a 
constant  voltage  at  the  extrenuties  of  its 
circuit. 

Overflow  of  Leyden  Jar. — A  disrui>tive 
discharge  of  a  Leyden  jar  which  sometimes 
takes  place  around  its  rim. 

OverhauL — To  inspect  carefully  or  to  ex- 
amine the  conditions  of;  to  haul  over;  also 
to  examine,  as  accounts^  item  by  item. 

Overhead  Conductor. — A  conductor  8us> 
pended  overhead,  as  distinguished  from  one 
placed  underground;  an  aerial  conductor. 

Overhead  Feeders. — ^Feeders  in  overhead 
construction,  as  distinguished  from  those 
put  imderground. 

Overhead  Lines. — Lines  of  any  electric 
system  carried  overhead,  or  overground, 
instead  ot  being  nm  underground. 

Overhead  Mains. — ^Electric  mains  carried 
overhead. 

Overhead  Switeh. — Any  switch  located 
overhead;  also  called  canopy  switch. 

Overhead  Telei^aph. — The  ordinary 
telegraph  system  running  overland  along 
overhead  lines. 

Overhead  Traveler.  —  In  machinery, 
it  usually  consists  of  a  crab  mounted  on  a 
gantry  and  worked  either  by  hand,  steam 
or  electricity.    The  advantage  of  overhead 
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travelere  is  that  they  leave  a  clear  space  for 
working  underneath,  and  travel  up  and 
down  and  aorasa  liie  shop  without  interfering  with 
the  operetiona  on  the  floor.  The  gantry  truss  is 
earned  on  gixdezB  or  beams  at  each  side  of  the 
building. 

Overheflkd  Trolley  System* — ^The  ordi- 
nary system  of  electric  traction,  employing 
overhead  troUey  wirea. 

Overlapping  Block  System* — A  rail- 
way block  system  in  which  the  signals, 
operated  by  a  train  as  it  enters  a  section, 
are  situated  at  some  distance  behind  the 
entrance  of  that  section. 

Overlap  GMIee. — A  splice  in  which  the 
strandB  oi  the  rope  are  laid  over  one 
another,  instead  of  interweaving. 

Overload* — A  load  greater  than  that  which 
a  machine  is  designed  to  carry. 

Overload  Capacity* — ^The  capacity 
which  an  electrical  machine  or  apparatus 
has  of  carrjring  an  overload  without  suf- 
fering serious  injury  by  heating,  sparking, 
or  mechanically  weakening. 

Overload  Circuit  Breaker* — A  switch 
operated  by  electromagnets  so  as  to  open 
the  circuit  when  the  current  becomes  too 
strong. 

Overloaded  Coadnetor*  —  An  electric 
conductor  canning  an  excessive  current. 


Overload  of  Dynamo* — ^It  may  happen 
through  some  cause  or  other  that  a  greater 
output  18  taken  from  the  machine  uan  it 
can  safely  cany.  When  this  is  the  case, 
the  fact  IS  indicated  by  excessive  sparking 
at  the  brushes,  great  heating  of  the  arma- 
ture and  other  parts  of  the  dynamo,  and  possibly 
by  the  slipping  of  the  belt  (if  a  belt-driven  ma- 
en]ne)ff  resulting  in  a  noise.  The  causes  most 
likely  to  produce  overload  are ;  (a)  excessive 
▼oltafe:  (b)  exceesive  current;  (c)  reversal  of 
polarity  of  dynamo;  (d)  short  circuits  or  grounds 
m  (famamo,  or  external  circuits. 

If  at  any  time  it  be  necessary  to  run  an  engine 
driving:  a  uiunt  or  compound  dynamo  at  a  lower 
speed  than  the  normal,  the  voltage  and  output  of 
the  dsmamo  oan  generally  be  mamtained  at  their 
ordinary  vahie  by  couphng  up  the  shunt  coils  in 
parallel,  thus  increasing  the  strength  of  the  cur- 
rent flowing  in  the  shunt  circuit  and  the  strength 
of  the  field  correspondingly.  Care  should  be 
taken,  however,  that  the  ooils  do  not  overheat 
with  the  increased  current. 

Overload  of  Motor* — An  excessive  me- 
chanical load  put  upon  an  electric  motor,  so 
that  it  fails  to  operate  economically,  and 
is  in  danger  of  injury  from  overheating,  etc. 


Overload  Storac^  Batterv  Switch* — 

An  automatic  switch  controlling  the  dis- 
charge of  a  storage  batterv,  cutting  the 
battOTy  out  of  the  circuit  when  the  rate  of 
discharge  becomes  too  great. 

Overload  Switch* — ^An  aujtomatio  switch 
for  breaking  a  circuit  in  case  of  an  overload. 

Over     MaTJinal     Contraction* — The 

further  contraction  of  a  motor  nerve  which 
occurs  upon  increased  excitation  after  it 
has  been  subjected  to  apparent  utmost 
stimulation. 

Over  Pressure* — ^The  pressure  of  steam 
in  a  boiler  bevond  that  which  it  is  designed 
to  sustain.  It  is  a  relative  term,  depending 
on  the  capability  of  each  boiler  itself.  A 
pressure  greater  than  the  so/e  working 
pressure. 

Over  RanninflT  of  Incandescent 
Lamps. — Ap^ying  a  voltage  above  the 
normal  to  an  incandescent  lamp  system, 
thereby  increasing  the  luminosity,  or 
brightness,  but,  at  the  same  time,  shorten- 
ing the  life  of  the  lamps. 

Overshooting* — A  phenomenon  of  mo- 
mentary excessive  brightness  in  the  fila- 
ment of  a  tungsten  incandescent  lamp 
when  first  turned  on  after  having  been  out 
of  service  for  a  considerable  period. 

Overtone  Currents* — Alternating  elec- 
tric currents  having  higher  harmonic  fre- 
quencies than  the  &^  harmonic  or  funda- 
mental wave. 

Overtones* — In  soimd  waves^  certain 
higher  harmonics  associated  with  the  first 
harmonic  or  fundamental  tone.  These 
overtones  may  be  compared  to  the  succes- 
sion of  shades  by  which  one  color  of  the 
spectrum  passes  almost  imperceptibly  into 
another,  even  while  not  interfermg  with  the  eye's 
sensation  ci  seven  colors. 

In  one  kind  of  instrument,  such  as  the  piuio, 
one  set  is  intensified,  and  in  another,  such  as  the 
violin,  another  set*  and  it  is  this  fact  that  gives 
the  characteristic  difference  between  a  piano  and 
a  violin  note,  althou^  the  "fundamentals"  may 
be  the  same  in  both.  Thus  in  a  musical  note  the 
ear  finds  three  tiling:  the  loudness  of  ihe  note, 
its  pitch  or  tone,  and  its  timbre  or  quality. 

Overtones*  Electric* — The  higher  har- 
monics of  alternating  current  frequencies, 
associated  with  the  first  harmonic  or  fim- 
damental  wave. 

Overtype  Djnamo* — ^A  dynamo  in  which 
the  armature  is  placed  above  the  field  mag- 
net coils  and  yoke. 


Overtype  FiM  Magnet. 
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Overtype  Field  H»e:net.— A  field  maj;* 
net  employed  in  an  overtype  dynamo  m 
which  the  armature  is  placed  above  the 
field  magnet  coils  and  yoke. 

Over  Wound  Series  Motor. — ^A  series 
motor  provided  with  exceptionally  strong 
series  winding. 

Ozid*tioa« — ^In  chemistry,  the  act  of  com- 
bining with  oxygen,  or  subjecting  to  the 
action  of  oxygen  or  of  an  oxidizing  agent. 

Oxide. — ^A  compound  of^  oxygen  with 
another  element;  some  oxides  unite  directly 
with  water  to  form  adds,  others  form 
hydroxides,  while  the  peroxides,  which 
contain  a  greater  proportion  of  OJ^gen  than 
the  rest,  have  only  very  feeble  acid  or  basic 
properties. 

Oxide  Filament  Lajnp. — ^An  incandes- 
cent lamp,  like  the  Nemst,  which  employs 
refractory  metallic  oxides  of  the  rare  earths, 
also  lime,  magnesia,  etc.,  for  incandes- 
cence. Tnev  are  non-conductors  in  the 
cold  state,  but  become  conductors  when 
heated. 

Oxide  of  Iron* — ^Ferric  oxide,  prepared 
from  ferrous  sulphate  or  green  copperas  b  v 
the  action  of  great  heat.  The  more  cal- 
cined portions  are  graded  to  form  the 
varieties  of  crocus,  the  softer  portions  are 
termed  rouge,  both  being  used  for  polish- 
ing. 

Ox^^n. — ^In  chemistry,  the  vital  or  life 
givmg  element  in  the  atmosphere.  Its 
presence  is  essential  to  combustion  and  it 
enters  into  combination  with  the  carbon  in 
fuel  to  produce  heat  in  furnaces.  In  union 
with  metals  it  forms  oxides. 

Oxylixdrog^n  Flame. — ^An  intensely  hot 
flame   produced   by   the  combustion   of 


hydrogen  or  of  coal  gas  in  oxygen  gas.  The 
temperature  of  this  flame  is  sufiScient  to 
melt  verv  refractory  substances,  while 
certain  infusible  bodies  such  as  lime  can  be 
brought  by  this  flame  to  a  brilliant  incan- 
descence; often  called  limdighi. 

Oxjrhydrog^n  Gas. — A  mixture  of  oxy- 
^n  and  hydrogen  to  form  the  gas  employed 
m  the  oxyhvdrogen  flame.  Toe  two  gases 
being  furnished  in  steel  cylinders,  they  are 
allowed  to  mix  with  a  considerable  excess 
of  hydrogen  in  a  small  chamber  leading  to  a 
mwtng  jet. 

Ouster  Fitting^.  —  A  fitting  used  for 
mcandescent  lamps  in  water  tight  compart- 
ments on  ships. 

Osite. — ^A  product  of  the  distillation  of 
petroleum,  mixed  with  fibrous  material  to 
form  an  insulating  covering  for  electrical 
conductors. 

Osokerite. — A  waxlike,  resinous  mixture 
of  natural  parafl&ns,  used  for  insulating 
electric  conductors. 

Osone. — ^A  faint  blue  gas  with  character- 
istic smell  produced  when  a  silent  electric 
discharge  is  passed  through  the  air,  chang- 
ing the  oxy^n  into  ozone.  Ozonizers  are 
operated  by  high  tension  alternating  cur- 
rents, spark  or  arc  discharges  being  guarded 
acainst  by  providing  a  dielectric  between  the 
electrodes.  Osone  is  used  commercially^  for  bleach- 
ing, purifsring  and  sterilising,  especially  in  the 
sterilisation  en  water. 

Oaoniaer. — ^An  apparatus  for  generating 
ozone.  It  consists  usually  of  two  conduct- 
ing surfaces  insulated  from  each  other  and 
sep)arated  at  such  a  distance  that  when  op- 
positelv  charged  a  "silent  discharge"  will 
take  place  between  them.  The  oxygen  of 
the  au*  imder  the  electric  influence  recom- 
bines  into  ozone  which  containa  three 
atoms. 


p. — 1.  The  symbol  of  electric 

power,  or  the  wait. 

2.  Abbreviation  for  pouxr. 

3.  Abbreviation   for   pres- 


^ — The  Greek  capital  letter  phi, 
used  aa  a  symbol  for  quantity 
ot  tnagnelic  flux. 

n — The  Greek  letter  p»,  universally  employed 
in  mathematics  to  denote  the  ratio  of  the 
circumference  of  a  circle  to  its  diameter. 
This  is  an  irrational  number  3. 1415 -|- 
which  has  been  calculated  out  to  some  500 
decimal  places  by  various  authorities,  n  is 
■ensnJly  taken  u  3.1410  or  (or  mental  nriUimetio 
u  V;  tbe first  ratio  nauffioieotly  KCurate  For  all 

meUr.  ths  error  of  circumference  ii  bare^  J,  inch 


PMluotU,  Antonio.— Born  1&41.  An 
Italian  physicist  and  electrician,  inventor 
of  the  first  dynamo  with  a  ring  armature 
(1864),  afterwards  developed  by  Gramme. 

Padnottl   Arm»tiire, — A  form    of   ring 

armature  invented  by  Pacinotti,  con^t- 
ing  essentially  of  a  toothed  iron  wheel 
carrying  its  conductors  in  the  depressions 
betweea  the  teeth. 

P»einotU  Projectionar— Projections  or 
teeth  upon  the  ring  armature  invented  by 
Pacinotti,  between  which  the  armature 
coils  are  wound;  PacinoUi  tettk. 

Pa«k. — To  supply  or  surround,  aa,  a  joint, 
with  a  substance  or  device  to  prevent 
leakage;  to  fill  up  a  space  in  or  around;  aa 
a  stuffing  bos  to  malce  it  fiuid  tight;  aa, 
to  pack  a  piston  rod. 

Packfong.— A  Chinese  alloy,  containing 
about  forty  parts  of  copper,  twenty-five 
of  zinc,  and  thirty-two  of  nickel;  also  called 
white  copper, 

PKcUng. — 1.  Any  material  used  to  pack, 
fill  up,  or  make  close;  as,  the  substance 
around  the  piston  of  a  pump  or  other  tube, 
to  render  it  water  or  air  tight. 


2.  The  cotton  waste,  used 
to  fill  journal  boxes,  which 
saturates  with  oil  and  holdii  it 
against  the  bearing. 

3.  A  term  colloquially  ap- 
plied to  the  thin  sheets  of  ma- 
terial used  for  jointing  flanges, 


dust    truusmi Iters   from   the   gradi 

tling  of  the  carbon  particiea  until  thev  form 
a  compact  mass  between  the  diapliragra 
and  the  back  electrode,  serioufly  impairing 
the  efficiency  of  the  instrument. 

P»eUiig*  Piece. — Make  up  pieces  of  wood 
or  iron,  used  to  wedge  up  onjects  on  the  bed 
or  face  plate  ot  a  macnine  tool;  chocking 
pieces  serving  as  supports  under  anything; 
a  general  term  for  anything  used  aa  a 
wedge,  Jiiier,  or  chock. 

Pftckini*  King,— A  ring  fitted  around  a 
piston  to  make  it  steam  tight.  For  loco- 
motives and  other  high  sp^d  engines,  the 
Ramsbottom  type  of  ring  is  usually  em- 
ployed, a  narrow  ring  of  steel  or  bronze, 
turned  about  one  per  cent  larger  than  the 

at  the  joint,  ami  the  riniss  siining  over  Uui  pi»ton 
mto  suitable  eruovi^  around  IC 

Pa^e.    Charles    OraftoB.— Born    1812 

died  186S.  An  Amprican  physicist  and 
electrician,  distinguished  for  tiis  researches 
and  experiments  in  electricity;  discoverer 
of  the  magnetic  sound  known  aa  the  Page 
effect,  or  magnelic  lick. 

Pibg«  Effect. — A  faint  metallic  tick  which 
is  sometimes  heard  at  the  moment  when  a 
bar  is  magnetized  or  demagnetized.  It 
gets  its  name  from  its  discoverer.  It  is 
thought  to  illustrate  that  magnetism  is  an 
action  affecting  the  arrangement  of  the 
molecules  of  a  substance. 

Paint. — A  thick  liquid  which  is  used  to 
give  substances  a  superficial  coating.  It 
is  made  of  a  dry  coloring  material  mixed 
with  a  liquid  vehicle.  It  is  used  largely  to 
give  decorative  color  effects  to  structures, 
also,  to  preserve  them  from  the  action  of 
the  atmosphere  and  other  corroding  agen- 
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des.  The  dry  ooloring  material  of  which 
the  paint  is  made  is  called  a  pigment. 

Paint    Sprajrinar    Machine. — One    b^ 

which  paint  is  thrown  by  the  force  of  air 
through  a  nozzle  upon  a  surface,  instead 
of  being  applied  by  nand. 

Palette  Combination  Wire  Oaojffe. — 

A  form  of  wire  gauge  consisting  of  a  pivoted 
cam  mounted  in  a  frame.,  so  that  tne  wire 
may  be  held  for  measurement  between  the 
cam  and  the  frame. 

Palladinm* — A  metal  of  the  platinum 
group  distinguished  for  its  exceptional 
power  of  absorbing  gases,  or  power  of 
occlusion. 

Palladium  Alloys. — Non-mametio  alloys 
in  which  palladium  is  the  chief  ingredient, 
employed  in  the  manufacture  of  non-mag- 
netio  watch  springs. 

Panel  Board. — ^In  a  system  of  electric 
distribution,  a  switch-board  carrying 
switches  and  safety  fuses.  Usually  a 
small  distributing  switch-board. 

Pancake  Coil. — A  flat  coil  of  wire  ad- 
justed to  the  surface  of  an  armature. 

Paneled  Wire.— Tor  indoor  work,  elec- 
tric conductors  run  along  grooves,  in  suit- 
ably shaped  mouldings  or  panels. 

Panel  Feeder. — A  feeder  leading  to  a  bus 
bar  connected  with  a  switchboard  panel. 

Panel  Fuse.— A  safety  fuse  carried  on  a 
pand  hoard. 

Panel  Pressure. — ^The  electric  pressure 
existing  at  a  panel  of  a  switchboard. 

Panel  Reflector. — ^A  reflector  in  which 
the  reflecting  material  is  arranged  in  panels 
or  strips. 

Pan-telephone. — ^A  highly  sensitive  micro- 
I>hone  capable  of  reproducing  sound  vibra- 
tions at  a  great  distance. 

Pantoi^aph  Trolley. — ^A  form  of  trolley 
employed  in  high  speed  electric  traction. 
A  broad  contact  shoe,  formed  of  a  conduct- 
ing material  which  does  not  wear  the  wire 
is  supported  by  jointed  elbows  resembling 
a  pantograph  carried  on  springs.  The 
trolley  is  raised  and  lowered  by  com- 
pressed air. 


Paper  Cable. — ^An  electric  cable  insulated 
by  wrappings  of  specially  prepared  paper. 

Paper  Condenser. — ^A  condenser  having 
a  dielectric  composed  of  insulated  paper. 

Paper  FiUunent. — An  early  t3rpe  of  incan- 
descent lamp  filament  made  of  carbonized 
paper. 

Paper  Insulation. — ^An  insulation  often 
employed  for  electric  light,  power,  and 
telephone  cables,  consisting  of  specially 
prepared  tough  paper,  loosely  laia  on  or 
crinkled,  so  as  to  form  a  dielectric  of  both 

Saper  and  air.  The  paper  covered  oon- 
uotor  ia  encased  in  a  lead  sheathing,  and  so  loos 
as  this  sheathing  remains  intact  good  results  are 
obtained.  Paper  and  air  fonn  a  oetter  insulator 
than  india  rubber  or  any  other  of  the  usual 
insulating  materials.  Paper  covered  cables  are 
especially  suitable  for  use  with  alternating  cur- 
raits,  because  they  can  be  readily  constructed 
with  a  much  lower  electrostatic  capacity  than 
can  be  econmnically  obtained  with  other  "^ft*^"*** 

Papier  Mache. — ^A  material  made  from 
paper  pulp  mixed  with  other  substances, 
it  IS  used  for  the  mold  in  stereotyping,  and 
in  electrical  work  as  an  insulating  material 
for  low  voltages,  or  as  a  secon£uy  insu- 
lator to  back  up  a  primary  insulator  such  as 
mica. 

Parsibolic  Reflector. — ^A  concave  mirror 
having  a  surface  such  as  would  be  generated 
by  the  revolution  of  the  arc  of  a  parabola. 
It  reflects  light  in  paraUd  rays. 


L. — A  colorless,  or  white,  waxy  sub- 
stance obtained  by  dry  distillation  from 
wood,  coal,  peat,  petroleum,  eU^.,  largely 
used  in  electrical  work  for  its  moisture 
proof  and  insulating  properties. 

Paraflbied  Wire. — ^An  insulated  electric 
wire  provided  with  a  final  coating  of  par- 
affin. 


ainff.— Applying  a  coating  of  paraf- 
fin for  insulation  purposes. 

Paraflbi  Wax. — ^A  white  or  yellowish  waxy 
solid  procured  from  the  crude  oil  obtained 
in  the  distillation  of  paraffin  shale  or  from 
the  heavier  portions  of  petroleum.  It  is 
not  acted  on  by  acids  at  ordinary  tem- 
peratures nor  by  alkalies  under  any  con- 
ditions. It  is  the  chief  substance  for  mak- 
ing candles  and  is  important  in  electrical 
work  as  a  non-conductor. 

Parag^ele. — ^A  lightning  rod  device  of 
doubtful  utility,  designed  to  attract  hail 
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stones,  and  so  prevent  damage  to  growing 
crop& 

Parallax. — ^An  apparent  displacement  of 
an  object  caused  by  actual  change  in  the 
position  of  the  point  of  observation. 

Parallax  Error. — An  error  which  Boay 
occur  in  the  reading  of  an  index  or  needle 
indication  upon  a  scale,  if  the  ^e  be  not  in 
exact  relation  to  the  pointer. 

ParalleL — ^A  line,  which  throughout  its 
whole  extent,  is  equally  distant  from 
another  line. 

Parallel  Arc  Cirenli. — ^A  parallel  circuit. 

Parallel  Circuit. — ^An  electric  circuit  in 
which  all  the  positive  poles,  terminals,  etc., 
in  the  circuit  are  connected  to  one  con- 
ductor, and  all  the  negative  terminals  to 
the  other;  a  mtiUiple  circuit. 

Parallel  Connected  Battery. — ^A  vol- 
taic battery  in  which  the  zinc  or  positive 
Elates  of  the  cells  are  joined  together,  and, 
kewise,  the  copper  or  negative  plates, 
yielding,  thereby,  no  greater  electromotive 
force,  but  a  current  equal  to  the  combined 
capacities  of  the  plates. 

Parallel   Connected   Condensers. — A 

method  of  connecting  condensers  so  that 
their  total  capacity  equals  the  sum  of  their 
individual  capacities. 

Parallel  Connected  Dynamos. — ^Two 
or  more  direct  current  dynamos  joined  up 
in  parallel. 

Parallel  Connected  Transformers. — 

Transformers  in  a  system  of  electric  dis- 
tribution having  all  their  primarv  coils 
connected  across  the  mains  in  parallel,  and 
incandescent  lamps,  or  other  apparatus 
connected  in  parallel  with  the  secondary 
coils. 

Parallel  Connection. — ^A  method  of  con- 
necting up  an  electric  system  in  which  all 
the  positive  poles,  or  terminals,  are  joined 
to  one  conductor,  and  all  the  negative 
poles  to  the  other;  mtdUple  connection. 

Parallel  Coupling. — The  connection  of 
alternators  running  in  parallel. 

Parallel  Distribution. — A  S3rstem  of 
electric  distribution  in  which  the  receptive 
devices,  such  as  incandescent  lamps,  are 


connected  in  parallel  between  pairs  of 
paraUel  mains. 

Parallel  Feeding. — Supplying  electric 
current  to  a  parallel  connected  circuit. 

Parallel  Forces. — ^In  mechanics,  forces 
which  act  in  directions  parallel  with  one 
another. 

Paralldoi^ram. — ^A  figure  whose  opposite 
sides  are  parallel;  the  square  and  oblong 
are  parallelograms;  so  also  are  other  four 
sided  figures  whose  angles  are  not  right 
angles. 

Paralleloi^ram  of  Forces. — ^A  method 
of  finding  the  resultant  of  any  two  imif orm 
forces,  by  drawing  a  parallelogram  whose 
adjacent  sides  represent  the  two  component 
forces,  the  concurrent  diagonal  of  which 
represents  the  resultant. 

Parallel  Runninnf  of  Alternators. — 

The  joining  up  of  two  or  more  alternating 
current  dynamos  in  parallel  connection, 
when  the  machines  agree  in  phase  and  fre- 
quency of  alternation. 

Parallel  Series  Circuit.~An  electric 
circuit  containing  groups  of  series  connected 
receptive  devices,  the  groups  being  ar- 
ranged in  the  circuit  in  parallel;  a  muUifle 
aeries  circuit. 

Parallel  Series  Connection. — ^The  ar- 
rangement of  receptive  devices,  such  as 
lamps,  in  an  electric  circuit  in  a  number  of 
series  connected  groupe,  these  groups,  in 
turn,  being  connected  in  parallel;  multiple 
series  connection. 

Parallel  System  of  Gas  JAghiln^. — ^A 

system  of  lighting  gas  jets  by  electricity  in 
which  one  terminal  of  the  battery  is  con- 
nected through  a  spark  coil  to  the  gas  pipe 
and  the  other  to  the  insulated  burner  ter- 
minal. A  grounded  terminal  on  the  burner 
is  adjusted  so  as  to  make  contact  with  the 
insulated  terminal,  and  when  that  contact 
is  broken,  a  spark  is  made  which  li^ts  the 
jet. 

Parallel  Tree  System. — In  early  instal- 
lations of  electric  lamps  a  parallel  system .  of 
distribution  in  which  a  pair  of  mains  was 
extended  through  the  district  with  branches 
reaching  out  in  either  direction  from  them, 
so  that  the  plan  of  the  svstem  resembled  a 
tree  with  spreading  branches. 
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Parallel  Winding. — ^A  method  of  arma- 
ture winding,  usually  known  as  lap  wind- 
ingy  in  which  adjacent  coils  are  connected 
in  series  instead  of  the  connections  progress- 
ing in  a  '"wave"  around  and  around  the 
core.  The  lap  winding  is  suitable  for  large 
loachines.  It  is  characterised  by  having  as  many 
circuits  through  the  armature  from  positive  to 
negative  brushes,  as  the  machine  has  poles,  the 
current  dividing  equally  between  these  parallel 
citxsuits. 

Parallel  Wire  Stret«5her. — ^A  form  of 
lineman's  wire  clamp  for  gripping  a  wire 
and  bringing  it  to  the  proper  tension. 

Paramag^et. — A  paramagnetic  substance : 
a  substance,  such  as  iron,  which  readily 
becomes  magnetic. 

Paramagnetic.  —  Magnetic ;  having  the 
property  of  being  readily  attracted  by  a 
magnet,  as  distinguished  from  diamagnetic, 

Paramag^netism. — The  magnetism  pos- 
sessed by  paramagnetic  bodies;  ferro-mag- 
netism. 

Para  Rubber. — ^The  best  grade  of  India 
rubber  for  electrical  purposes,  and  the 
grade  generally  specified  for  insulation 
work.  It  is  derived  from  the  Amazon 
Valley  in  South  America,  and  gets  its  name 
from  the  city  of  Para,  in  Brazil,  from  which 
it  is  exported. 

Parasitic  Currents. — ^Useless  local  cur- 
rents that  are  liable  to  arise  in  the  core  of 
an  armature  and  waste  energy  by  generat- 
ing heat.  They  are  usually  Known  as 
eddy  or  Foucaw.t  dUrrents,  and  it  is  to 
obviate  them  that  armature  cores  are  lam- 
inated. 

Parcel  of  Wire. — ^A  term  sometimes  used 
in  connection  with  a  piece  or  length  of  wire 
submitted  for  testing. 


ParchmentiBed  Filament. — A  variety  of 
incandescent  lamp  filament  made  from  cot- 
ton thread  whicti  is  first  subjected  to  a 
parchmentizing  process  by  passing  it  slowly 
through  a  solution  of  sulphuric  acid  and 
water,  and  then  carbonized. 

Parehmentixing^. — ^The  process  of  prepar- 
ing a  cotton  thread  or  a  thread  of  cellulose 
for  use  as  an  incandescent  lamp  filament, 
by  first  passing  it  through  a  solution  of 
sulphuric  acid  and  water  before  carboniz- 
ing. 


Partial  Contact. — ^A  contact  between  two 
electric  circuits  such  as  to  produce  a  partial 
fault  in  the  circuits. 

Partial  Disconnection. — ^A  fault  in  the 
connection  of  an  electric  circuit  which 
partially  breaks  the  circuit;  a  partial  break. 

Partial  Earth. — A  partial  fault  in  an  eleo- 
tric  circuit  due  to  a  partial  earth  connec- 
tion. 

Partial  Fault. — ^Any  fault  in  an  electric 
circuit  which  interferes  with  the  proper 
working  of  the  circuit  without  cauamg  its 
complete  interruption. 

Partially  Overlappindf  Armature 
Winding. — ^A  method  of  winding  arma- 
tures, in  which  some  of  the  coils  are  made 
to  overlap  one  another,  while  others  are 
laid  on  separately. 

Partial  Vacuum. — ^A  vacuum  in  which  a 
residue  of  air  remains. 

Particle. — A  minute  part  or  portion  of 
matter;  a  very  small  substance;  an  atom; 
a  jot;  as,  a  particle  of  Hght. 

Partindf  of  Cable. — ^A  breaking  in  two,  as 
when  a  submarine  or  other  cable  completely 
gives  way  under  heavy  strain. 

Partinium. — An  alloy  of  aluminum  and 
other  metals  used  in  motor  car  construc- 
tion, for  such  pieces  as  cast  gear  cases  and 
crank  cases. 

Party  Line. — ^A  telephone  line  connecting 
a  central  office  with  more  than  one  station 
or  subscriber,  as  distinguished  from  a 
priwUe  line.  The  party  line  is  available  for 
small  private  telepnone  systems,  connecting 
a  number  of  neighboring  houses  with  one 
another  or  with  stores  or  places  of  business. 

Parts  Gravity  Cell. — A  primary  cell 
having  electrodes  of  zinc  and  carbon  in 
sulphate  of  magnesia  and  a  chromic  solu- 
tion, the  liquids  being  kept  separate  by 
their  difference  in  weight. 

Passive  State. — ^A  term  applied  to  the 
condition  of  a  substance  whicn  remains  un- 
attacked  when  exposed  to  the  action  of  an 
acid  which  would  ordinarily  corrode  it; 
as  when  cast  iron  is  not  acted  on  by  strong 
nitric  acid. 


Paste  Joint. 


319  Peai 


Paste  Joint*— In  an  incandesoent  lamp,  a 
method  of  joining  the  filament  to  the  lead- 
ing in  wires  by  fiie  use  of  a  carbonaceous 
cement  which  is  afterward  carbonized  by 
sending  a  strong  current  through  it. 

Pasting^.— A  process  of  preparing  lead 
plates  for  storage  cells,  in  which  the  grids 
are  coated  with  lead  oxide  and  sulphuric 
acid;  the  red  oxide  of  lead,  or  minivm 
being  usually  employed  for  the  positive 
plates,  and  the  yellow  oxide,  or  litharge, 
for  the  negative  plates. 

Patch. — ^A  small  piece  of  material  used  to 
repair  anything;  as,  a  piece  of  metal  to 
strengthen  a  weak  place;  in  steam  boiler 
repairs,  if  it  be  bolted  or  studded,  it  is 
called  a  soft  patch,  if  riveted,  a  hard  patch. 

Patch  Bolt. — ^A  screw  or  bolt  with  a 
coned  or  countersunk  head,  used  to  attach 
patches  to  boilers,  etc.  Tne  screw  is  put 
m  by  means  of  a  wrench  gripping  a  square 
projecting  part  beyond  tne  chamfer. 

Patch  Piece. — In  boiler  making,  a  plate  of 
wrought  iron  or  steel  and  sometimes  of  cast 
iron,  riveted  or  bolted  to  broken  parts  for 
purposes  of  repair.  ^  Broken  castings  are 
sometimes  natcoed  in  this  way  in  prefer- 
ence to  replacing  them  with  new.  Boiler 
plates  are  often  patched,  and  so  is  plated 
work  generally,  which  has  been  injured  by 
corrosion  or  accident. 

Path  of  Mae^netic  Leaka|^. — ^The  path 
followed  by  stray  lines  of  magnetic  force. 

Patina. — ^A  green  semi-transparent  crust 
consisting  of  Daslc  copper  carbonate  which 
appears  on  the  surface  of  copper  and  bronze 
when  exposed  for  a  long  time  to  the  air. 
The  effect  is  obtained  artificially  by  im- 
mersing copper  articles  in  a  bath  of  acetic 
acid. 

Patrol  Alarm  Box. — A  signal  box  from 
which  an  alarm  may  be  sent  by  a  police, 
or  fire  patrol. 

Pavilion. — In  wireless  telegraphy,  a  fan 
shaped  arrangement  of  wires  supported  on 
tall  masts,  and  converging  upon  the  re- 
ceiving apparatus,  sometimes  employed  for 
gathering  the  electric  waves  over  an  ex- 
tended surface. 

Pay  As  Ton  Enter  Car. — A  model  of 
electric  street  car  construction  introduced 
to  simplify  the  loading  and  unloading  of 


passengers  and  the  collection  of  fares. 
The  platforms  are  lengthened  to  allow  of  an 
entrance  and  an  exit.  The  passenger 
eabsTB  at  rear  entrance,  deposits  ms  fare  in 
the  receiver,  and  ali^ts  from  the  front 
or  from  an  exit  passage  way  on  the  rear 
I>latform,  the  conductor  remaining  at  all 
times  upon  the  rear  platform. 

Payindf  Out. — In  submarine  cable  laying, 
the  regulated  delivery  of  the  cable  into  the 
water  from  the  stem  of  the  cable  ship. 

Payinif  Out  Drum. — ^In  submarine  cable 
laving,  a  revolving  sheave  or  drum  over 
wnich  the  cable  nasses  as  it  is  paid  out 
from  the  stern  of  tne  cable  ship. 

Payinif  Out  Jseg. — ^The  side  or  leg  of  a 
loop  of  cable  that  is  being  paid  out  Trom  a 
cable  ship. 

P«  C. — Abbreviation  for  primary  current 

P.  D. — Abbreviation  for  potenOdl  difference. 

Peaked  Wave. — A  ^  pointed  maximum 
value  of  an  alternating  current  wave  of 
alternation. 


Load. — In  central  station  work,  the 
maximum  load  which  has  to  be  carried  by 
the  machines  at  any  time  of  day  or  night 
as  shown  by  the  highest  point  of  the  load 
diagram  curve. 

Pea  Lamp. — ^A  diminutive  type  of  incan- 
descent lamp. 

Pearl  Ash. — ^The  salt  which  is  obtained 
from  the  ashes  of  plants  by  washing  and 
evaporation,  or  if  refined,  it  is  the  potas^ 
sium  carboruUe  of  commerce. 

Pear  Push. — ^A  pear  shaped  wooden  ter- 
minal of  a  pendant  cord  containing  a  pu^- 
button  for  making  an  electrical  contact, 
a  presael. 

Pear  Tree  Wood. — Wood  of  the  pear 
tree,  Rowing  in  temnerate  climates.  The 
wood  is  used  for  making  instruments;  as, 
set  squares,  curves,  and  occasionallv  for 
pattern  making.  A  cubic  foot  wdgns  45 
poimds. 

Peat. — A  substance  ^  of  vegetable  origin, 
of  probable  value  in  power  production. 
It  consists  of  roots  ana  fibers  in  various 
stages  of  decomposition,  and  foimd,  as  a 
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kind  of  turf  or  bog,  in  low  situationB. 
where  it  is  always  more  or  less  saturated 
with  water.  Peat  next  to  the  surface  is  lew 
advaaced  in  decomposition,  is  light*  sponcv  and 
fibnraik  of  a  yeUow  or  light  red^h  brown  color; 
lower  down  it  is  more  compact,  of  a  darker  brown 
otAoT,  and  in  the  lowest  strata  it  is  of  a  blackish 
brown,  or  almost  a  black  color,  of  a  pitchy  or 
nnotuous  feel.  Peat  in  its  natural  condition  gen- 
erally  contains  from  75  to  80  per  cent  of  water. 
It  BometimeB  amounts  to  85  or  90  per  cent  in 
which  ease  the  peat  is  of  the  consistency  of  mire. 

Pedestal  of  Armature. — ^A  support  for 
carrying  the  bearings  of  an  armatim. 

Peff  Cirenit. — ^A  circuit  controlled  by  a 
peg  ewUch, 

Peif  Switch. — ^A  switch  that  is  operated 
bv  the  insertion  or  withdrawal  of  a  peg; 
also  called  a  pin  suoitch. 

Peff  Switchboard. — A  switchboard  pro- 
vided with  peg  switches. 

Peltier  Effect. — ^The  effect  discovered  by 
Peltier,  of  heating  or  cooling  the  junction 
of  two  dissimilar  metals,  according  as  an 
electric  current  is  sent  through  the  junction 
in  one  direction  or  the  opposite;  the  reverse 
of  the  thennO'declriCf  or  Seebeck  effect. 

Peltier^    Jean    Charles    Athanaee. — 

Bom  1785,  died  1845.  A  French  physicist 
and  meteorologist;  discoverer  ot  several 
important  electrical  phenomena,  especially 
the  so  called  Peltier  effect  (1834). 

Peltier's  Croee. — A  contact  of  two  unlike 
metals  at  right  angles  for  the  purpose  of 
exhibiting  the  Peltier  effect. 

Pelton  Wheel. — An  impulse  water  wheel, 
belonging  to  the  class  of  wheels  known 
as  hurdy  gurdies^  suitable  for  working 
under  extreme  heads  of  water.  The  wheel 
is  of  small  diameter,  revolving  on  a  hori- 
zontal shaft,  the  water  being  supplied 
through  a  nossle  in  a  needle  like  jet.  The  jsreat 
feature  of  the  Pelton  wheel  is  the  bucket  which  is 
divided  midway  by  a  tapered  ridge,  which  pre- 
vents the  accumulation  of  any  **dead  water/'  the 
stream  splitting  on  the  rid|[e  and  curving  right 
srotmd  to  right  and  left  m  each  half  bucket, 
thus  providing  the  maximum  force  of  reaction. 

Pen  Carriag^e. — In  an  electric  chrono- 
graph, the  device  for  carrying  the  pen  or 
stylus  which  traces  the  record  upon  the 
paper  strip. 

Pencil  Microphone. — ^An  early  form  of 
microphone  devised  by  Hughes,  and  usu- 
ally called  by  his  name.    It  consisted  of  a 


thin  caiixm  pencil  supported  loosely  be- 
tween two  blocks  of  carbon  fixed  to  a  sound- 
ing board.  When  connected  with  a  bat- 
teiy  and  a  telephone  leedver,  it  served  to  greatly 
intensify  sound.  The  present  day.  loose  canxHi 
oontaot  traasmitters  are  based  upon  the  piineiple 
of  Hughes'  micfophone. 

Pendant  Cord. — A  flexible  cord  contain- 
ing a  pair  of  insulated  conductors,  em- 
ployed for  suspending  incandescent  lamps, 
or  for  making  electrical  oonnectian  with 
other  movable  electric  devices. 

Pendant  Pull  Switch*— A  switch  which 
is  opened  and  closed  by  a  pendant  pull. 

Pendant  Socket. — ^A  lamp  socket  for 
light  electrolier  or  ceiling  lamps,  provided 
with  a  pendant  or  hanging  chain  lor  turn- 
ing on  or  extinguishing  the  light. 

Pendulum* — ^A  body  so  suspended  from  a 
fixed  point  as  to  swmg  freely  to  and  fro  by 
the  alternate  action  of  gravity  and  momen- 
tum; as,  the  pendulum  oi  a  clock.  A 
clock  pendulum  in  which  the  effect  of 
chang^  of  temperature  on  the  length  of 
the  rod  is  so  counteracted,  usually  by  the  opposite 
expansion  of  different  metals,  that  toe  distance  of 
the  center  of  oscillation  from  the  center  of  sus- 
pension remains  invariable:  as,  the  mercurial  com- 
pensation pendulum*  in  which  the  expansion  of 
the  rod  is  oompeinsated  b^  the  opnosite  expansion 
of  mercuiy  in  a  jar  constituting  the  bob  and  the 
gridiron  pendulum,  in  which  compensation  b 
^ected  by  the  opposite  expansion  of  sets  of  rods 
of  different  metals. 

Pendulum  Annunciator. — ^An  annunci- 
ator in  which  the  index  consKsts  of  a  pen- 
dulum or  upright  arm  which  is  caused  to 
swing  by  the  electric  current;  a  swinging 
annimciator. 

Pendulum*  Electric* — 1.  A  pith  ball  sus- 
pended by  a  silk  thread  from  an  insulated 
support,  for  the  purpose  of  illustrating 
electrical  repulsion. 

2.  A  pendulum  operated  by  an  electro- 
magnet, and  so  adjusted  as  to  open  and 
close  a  circuit  by  its  swing. 

Pendulum  Indicator* — An  electric  pen- 
dulum annunciator  which  finds  its  prin- 
cipal use  in  hotel  offices. 

Pendulum  Motion* — ^In  mechanics,  the 
movement  of  a  bodpr  so  suspended  from  a 
fixed  point  as  to  swmg  freel^  to  and  fro  by 
the  alternate  action  of  gravity  and  moment 
ium. 

Pendulum  Myoppaph* — ^An  electric  pen- 
dulum for  measuring  the  contraction  and 
relaxation  of  muscular  tissues. 
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Pendulum  Seleetor* — An  instrument  for 
selective  telephone  signaling  on  party 
lines,  in  which  a  pendulum  or  elastic  reed 
is  caused  to  vibrate  only  by  current  im- 
pulses having  a  frequency  corresponding  to 
the  rate  of  vibration  of  that  particular  reed . 
the  reed  at  all  of  the  stations  being  adjusted 
so  as  to  have  different  rates  of  vibration. 

Pendulum  SipuUer* — ^A  pendulum 
which  transmits  signals  by  making  and 
brealdng  an  electric  circuit  by  its  swings. 

Pen*  Eleetrie. — A  stylus,  operated  by  an 
electric  motor,  for  making  j^rforations  in 
paper  corresponding  to  a  design  or  writing, 
so  that  the  paper  may  afterwards  be  used 
as  a  stencil  tor  manifold  copying. 

Penetrating  Effects  of  Diseliarife.— 

A  discharge  of  electricity  under  very  high 
pressure  has  the  power  of  piercing  glass 
and  other  insulators.  Although  the  die- 
lectric strength  of  glass  is  very  great, 
electricity  from  a  powerful  induction  coil 
has  pierced  glaas  three  incheB  thick.  Two  ourioiu 
dfecti  were  observed  by  Lullin;  when  a  piece  of 
eardboard  is  perforated  by  a  spark:  1,  there  Is  a 
slight  burr  raised  oq  each  side;  2*  the  hole  iB 
found  to  be  nearer  the  negative  point,  if  the  two 
electrodes  be  not  exactly  opposite  each  other.  A 
sheet  of  glass  may  be  easily  piesoed  by  a  spark 
from  a  batteiy  of  Leyden  jars. 

Penstock. — In  hydraulics,  the  flume,  con- 
duit, or  trou^  leading  from  the  source  of 
supply  to  a  turbine  or  water  wheel. 

Pentad  Atom.  —  An  atom  having  the 
valencv,  or  combining  power  of  five  units, 
i.  e.,  ot  five  atoms  of  nydrogen. 

Pentane  Standard. — ^A  standard  of  illu- 
mination employing  a  lamp  with  a  special- 
ly constructed  burner  consuming  a  mix- 
ture of  7  parts  of  pentane  gas  and  20  parts 
of  air  at  the  rate  of  a  half  cubic  foot  per 
hour. 

Pentode  Workin^f. — In  synchronous 
multiplex  telegraphy,  the  simultaneous 
transmission  of  five  messages  over  the  same 
wire. 

Penumbra. — A  region  of  partial  and  vary- 
ing shadow  surrounding  the  total  shadow, 
or  umbray  cast  by  an  opaque  body,  when  the 
source  of  light  is  a  luminous  body  with 
greater  or  less  area. 

Percentage  ConduetiTity  of  Wire* — 

1.  The  conductivity  of  a  wire  upon  the 


basis  of  the  conductivity  of  a  standard 
copper  wire  of  the  same  size. 

2.  The  conductivity  of  a  wire  upon  the 
basis  of  Aiatthiessen's  meter-gram  standard. 

Perfect  Linkage. — ^The  Unking  together 
of  lines  of  magnetic  force  and  the  conduct- 
ing coils  through  which  they  pass  without 
any  magnetic  leakage. 

Perforated  Armature. — 1.  An  armature 
having  a  perforated  core  to  admit  of  ven- 
tilation. 

2.  An  anoature  having  perf omtiQiiB  ui 
its  core  for  the  winding  of  the  coils. 

Perforated  Core  ^  Dieos. — Discs  for 
building  up  a  laminated  armature  core, 
having  perforations  to  admit  the  windings. 

Perforated  Pulley. — In  millwrighting,  a 
wrought  iron  or  steel  pulley,  which  is 
honeycombed  with  numerous  small  holes 
perforated  through  the  plate  of  which  it 
is  composed,  and  through  which  the  air 
can  escape,  thus  giving  a  belt  closer  ad- 
hesion. 

Perforator. — ^A  part  of  the  apparatus 
employed  in  automatic  telegraphy,  which 
prepares  the  message  for  transmission  by 
punching  holes,  corresponding  to  the  sig- 
nals of  we  Morse  code,  in  a  paper  ribbon. 

Perforator  Mallet. — A  mallet  for  strik- 
ing the  kevs  of  a  perforator  which  drive  the 
Eunches  throu^  the  perforator  slip,  there- 
V  cutting  out  holes  corresponding  to  the 
Morse  code. 

Perforator  Slip. — ^A  strip  of  specially  pre- 
pared paper  in  which  holes  have  been 
punched  corresponding  to  the  dots  and 
dashes  of  the  Morse  code,  for  use  in  auto- 
matic telegraphy. 

Period. — ^The  time  taken  to  execute  a  com- 
plete cycle  of  periodic  motion. 

Periodically  Decreasing  Diechar^. 

— An  oscillatory  discharge  in  which  the 
oscillations  grow  constantly  feebler  till 
they  die  away. 

Periodic  Alternating  Electromotive 
Force. — ^An  electromotive  force  con- 
stantly changing  its  direction  in  rapidly 
succeeding  periods  of  alternation,  giving 
rise  to  al^maJting  currents. 

Periodic  Current. — An  electric  current 
resulting  from  periodic  alternating  electro- 
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motive  forces;  a  current  periodically  chang- 
ing in  strength  and  direction;  alternating 
current. 

Periodic  Discharfi^. — An  oscHlatory  dis- 
charge. A  series  of  rapid  alternations  of 
charge  which  are  set  up  if  the  plates  of  a 
charged  condenser  be  connectea  by  a  con- 
ductor of  not  too  great  resistance,  the 
plat<es  becoming  alternately  positively  and 
negatively  charged.  In  this  way  an  al- 
ternating current  exists  of  diminishing 
strength. 

Periodic  Governor. — A  governor  em- 
ployed with  an  electric  motor  for  auto- 
matically cutting  off  the  current  at  regular 
intervals. 

Periodicity. — A  term  sometimes  used  for 
the  frequency  of  an  alternating  current. 
It  is  the  number  of  periods  or  double  alter' 
nations  made  per  second. 

Periodicity  of  Auroras  and  Mag^netic 
Storms. — Periodical  recurrences  of  au- 
roras, frequently  accompanied  by  increased 
magnetic  variations  and  a  maximum  of 
spots  on  the  sun. 

Periodic  Motion. — A  movement  which  is 
repeated  in  definite  regular  intervals  of 
time,  like  the  swinging  of  a  pendulum  or 
the  vibrations  of  an  alternating  current 
warn. 

Period  of  Open  Circuit  Oscillation. — 

The  time  required  for  one  complete  to  and 
fro  motion  of  an  oscillation  set  up  in  an 
open  circuit  by  electric  resonance. 

Period  of  Simple  Harmonic  Motion. — 

The  time  required  by  a  body  performing 
harmonic  motion  to  repeat  its  swing  past  a 
given  point  in  the  same  direction. 

Period  of  Vibration. — ^In  vibrating  mo- 
tion, the  time  occupied  by  a  complete  cycle 
of  vibration.  As,  for  example,  tho  time  in 
seconds  for  an  alternating  current  to  pass 
through  a  complete  cycle  or  curve  is  called 
the  period  of  an  alternating  current,  and 
the  number  of  periods  in  a  second  is  called 
its  frequency  or  periodicity. 

Periphery. — As  applied  to  a  wheel,  disc,  or 
cyhnder,  the  surface  of  its  circumference. 


Periphery  Velocity. — ^The  rate  of  surface 
speed  per  minute  of  a  rotating  wheel,  disc, 
or  cylinder. 


Periphery  Speed.— The  rapidity  of  motion 
of  a  t 
wheel 


of  a  point  upon  the  periphery  of  a  rotating 
b1. 


Peripolar  Zone. — In  electro-therapeutics, 
the  parts  of  a  patient's  body  just  outside  of 
the  immediate  region  of  the  electrodes  that 
are  being  applied  to  it. 

Peristaltic. — A  term  applied  by  Lord 
Kelvin  to  the  kind  of  electrostatic  induc- 
tion that  takes  place  between  conductors 
enclosed  within  the  same  insulation,  as  in 
a  submarine  cable. 

Permanency. — The  property  possessed  by 
electric  conductors  of  retaining  their  con- 
ductivity unchanged  for  an  indefinite  time. 

Permanent  Currents. — I.  In  the  Wheat- 
stone  automatic  telegraph,  electric  currents 
continuously  applied  to  the  line  while  sig- 
naling. 

2.  Currents  employed  in  double  current 
telegraph  working. 

3.  A  constant  current  strength  some- 
times maintained  on  the  line  in  telephone 
working. 

Permanent  Gas. — Since  the  year  1877, 
when  Cailleiet  and  Pictet  succeeded  in 
liquefying  hydrogen  and  other  gases,  the 
term  perm,anent  as  apphed  to  a  gas  signifies 
that  the  gas  is  capable  of  being  liquefied 
only  with  great  difficulty,  either  by  tne  use 
of  a  very  low  temperature*  or  an  extremely  high 
pressure,  or  by  both  means.  So  long  aa  ^ases 
exist  or  act  under  conditions  which  are  widely 
different  from  those  requircMl  for  li9uefaction, 
the^  conform  very  nearly  to  certain  simple  laws 
which  may  be  considered  as  rigorously  applicable 
to  ideal  substances  that  may  be  called  perfect  or 
permanent  gases. 

Permanent  Induced  Charg^. — ^A  per- 
manent electric  charge  produced  in  a  body 
by  induction. 

Permanent  Intensity  of  Mag^etisa- 
tion. — The  intensity  of  the  magnetism 
permanently  retained  in  magnetiz^  steel. 

Permanent  Masnet. — A  magnet  consist- 
ing of  hard  steel  which  possesses  coercive 
force,  or  retentivity,  in  a  high  degree,  and 
is,  therefore,  said  to  retain  its  magnetism 
permanently;  used  in  the  construction  of 
magneto  generators. 

Permanent  Magnet  Ammeter. — ^An  am* 

meter  employing  a  permanent  magnet  to 
produce  its  magnetic  field. 
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PermaAent  Ma^^etism* — ^The  magnet- 
ism permanently  retained  by  magnetized 
steel. 

Permanent  MafpietUation. — ^The  mag- 
netization of  hard  steel  which  results  in 
permanent  magnetism,  as  distinguished 
from  the  magnetization  of  soft  iron. 

Permanent  MaflrnetomotiTe  Force. — 

Magnetomotive  force  exhibited  by  a  per- 
manent magnet. 

Permanent  Sif^als. — ^In  telegraphy,  sig- 
nals transmitted  through  recording  in- 
struments, leaving  a  permanent  record  for 
reference. 

Permanent  State. — The  state  of  a  tele- 
graph line  when  a  current  of  uniform 
strength  exists  throughout  the  line,  as  dis- 
tingu^ed  from  the  variable  state. 

Permanent  Telenaph  Line. — ^A  tele- 
graph line  erected  for  permanent  service, 
as  distinguished  from  a  temporary  line. 

Permeability.  —  The  magnetic  permea- 
bility. The  ratio  between  the  number 
of  lines  of  force  per  unit  area  passing 
through  a  magnetizable  substance,  and  the 
magnetizing  force  which  produces  them. 
In  other  words,  it  is  the  ratio  of  flux  density 
to  magnetiziiis  force.  Penneability  is  a  measure 
of  the  ease  wiui  which  magnetism  passes  through 
any  substance.  The  permeability  of  good  soft 
wrought  iron  is  sometimes  3000  times  that  of  air, 
varying  with  the  quality  of  the  iron. 

The  maf^netic  permeability  decreases  as  ^ the 
magnetization  increases.  When  a  piece  of  iron 
has  been  magnetized  up  to  a  certain  intensity  its 
substance  shows  a  tendency  to  reach  magnetic 
saturation.  In  good  iron  this  is  reached  at  about 
125,000  lines  of  force  to  the  square  inch  of  area 
of  cross  section. 

If  B=the  magnetic  induction,  and  H  the  mag- 
netizing force,  the  permeability  U  ia  given  the 
following  equation: 

^       H 

For  non-magnetic  materials,  B  is  very  near  unity, 
for  iron,  etc..  its  value  varies  greatly  and  depends 
on  the  magnetization,  decreasing  as  the  latter 
increases.  According  to  Hopkinson  the  permea- 
bility for  different  values  of  B  is  as  follows: 
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Permeability  Bridge. — An  instrument, 
involving  the  principle  of  Wheatstone's 
bridge,  designea  for  measuring  magnetic 
permeability. 


Permeability  Curves. — Graphic  curves 
showing  the  relation  between  magnetic 
density  and  permeability  in  magnetic  sub- 
stances. 

Permeameter. — An  apparatus  for  measur- 
ing magnetic  permeability  by  the  traction 
method,  in  which  a  spring  balance  indicates 
the  pull  required  to  detach  the  sample  of 
iron  which  is  being  tested  from  the  mag- 
netic mass  to  which  it  is  caused  to  adhere. 

Permeance. — ^The  reciprocal  of  magnetic 
reluctance,  just  as  electric  conductance  is 
the  reciprocal  of  electric  resistance. 

Permeation. — A  term  used  in  magnetism 
for  the  entrance  of  magnetic  flux  into  the 
mass  of  a  magnetizable  substance. 

Permiflsive  Block  System. — An  electric 
railway  block  system  in  which  more  than 
one  train  may  be  admitted  to  a  block  under 
special  circumstances. 

Perpendicular. — 1.  At  right  angles  to  the 
plane  of  the  horizon;  vertical;  upright. 

2.  In  geometry,  a  line  at  right  angles  to  a 
given  hne. 

Persistence  of  Force. — A  term  some- 
times used  for  conservation  of  energy,  a  law 
of  physics  that  energy  may  be  communicat- 
ed from  one  body  to  another,  or  may  be 
changed  from  one  form  to  another,  but  can- 
not be  created  or  destroyed. 

Perviance. — Conductance  to  magnetic  in- 
duction, as  opposed  to  diviance. 

Petrol. — The  term  petrol,  as  applied  to 
automobile  fuel,  is  in  general  use  in  Eng- 
land and  upon  the  Continent.  Petrol  was 
a  moderately  heavy  benzine,  the  first 
available  fuel  put  on  the  French  market, 
but  the  term  has  been  extended  to  cover 

all  light  petroleum  products,  much  in  the  same 
way  as  the  American  usage  of  the  term  gtuoline 
has  widened  to  include  all  the  light  volatile 
hydrocarbons  known  to  xefineis  the  world  over 
as  benzine. 

TABLE  OF  CALORIFIC  VALUES. 
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Pfitroleam  (baary  crtid*  oil),  Penn*. 
Petroleam  (light  crud*  nil),  W.  Va. 
P«tTOl«um(hraT7enad«oil),  W.  Va. 
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OmoUd* 

GuoIId*  Vapor. 
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B.  T.  U. 
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«0,T37 
18,404 

18,448 
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Petroleuau — Rock  oil;  a  liquid,  inflam* 
mable,  bituminous  substance  exuding  from 
the  earth  or  collected  on  the  surface  of  the 
water  in  wells  and  fountains  in  various 
parts  of  the  world,  or  oozing  from  cavities 
m  rocks;  it  is  essentially  composed  of  car- 
bon and  hydrogen. 

Petticoat  InsuUktor. — ^A  name  given  to 
the  common  forms  of  line  wire  glass  in- 
sulators which  have  one.  two  or  three  deep 
flanges  or  petticoats  of  glass  around  the 
base  for  the  purpose  of  increasing  the  leak- 
age path  from  tne  line  to  the  pin.  Porce- 
1am  insulators  for  high  voltage  transmi^- 
aion  are  also  of  the  petticoat  type. 

Pewter* — ^An  alloy  usually  consisting  of  tm 
and  lead;  a  hard,  tough,  but  easily  fusible 
composition,  originally  consisting  of  tin 
with  a  little  lead,  but  afterwards  modified 
bjr  the  addition  of  copper,  antimony  or 
bismuth.  Inferior  sorts  contain  a  large 
INToportion  of  lead. 

Phantom  Circuits  or  Wires. — A  name 
given  to  the  extra  transmission  circuits 
established  over  a  single  wire  in  mvUiplex 
telegraphy. 


u — ^In  wave,  vibratory,  and  simple 
harmonic  motion,  the  portion  of  one  com- 
plete vibration,  measured  either  in  angle 
or  in  time,  that  any  moving  point  has  ex- 
ecuted. 

Phase  Allele. — ^The  angle  expressing  the 
phase  relation  in  an  altematmg  current. 

Phase  Detector. — ^A  device  for  indicating 
the  phase  of  an  alternating  current. 


Phase  Diaipram. — A  diagram  which 
graphicallv  represents  the  magnitude  and 
relative  phases  of  electric  currents. 

Phase  Difference  Measurer. — An  in- 
strument for  measuring  phase  difference 
between  alternating  currents. 

Phase  Indicator. — Any  device  for  indi- 
cating that  two  electric  machines  are  in 
synchronism.  The  simplest  form  for  low 
pressure  machines  consists  of  one  or  more 
incandescent  lamps  in  series  which  are 
lighted  and  put  out  alternately  as  synchro- 
nism ifl  approached.  When  the  phase  difference 
is  sero  the  lamps  will  be  brishteBt,  when  the  dif- 
ference is  180^  the  lamps  will  be  dark;  a  synchro- 
nizer. 

Phase  Lair* — ^In  an  alternating  current 
circuity  when  the  current  reaches  a  maxi- 


mum or  zero  value  at  a  time  later  than  the 
corresponding  values  of  the  jpressure.  the 
current  is  said  to  be  out  of  phase  with  the 
E.  M.  F.  and  to  lag  bcdiind  the  pressure. 

Phase  Lead. — In  an  alternating  current 
circuity  when  the  current  reaches  a  maxi- 
mum or  zero  value  at  a  time  earlier  than  the 
corresponding  values  of  the  pressure,  the 
current  is  said  to  be  out  of  phase  witn  the 
£.  M.  F.  and  to  lead  the  preesure. 

Phase  Meter. — An  electric  measuring 
instrument  for  showing  the  phaae-^mgle 
between  the  pressure  and  cumat  or, 
preferably,  the  power  factor  of  the  ssHie;  a 
phase  angle  or  power  factor  meter. 

Phase  Modifleation. — Producing  a  change 
in  the  phase  of  periodically  utemating 
motion. 

Phase  Reflation. — The  control  and 
mutual  adjustment  of  the  phases  of  alter- 
nating currents  or  (Nressures. 

Phase  Splitter. — 1.  A  device  for  produc- 
ing two  currents  differing  in  phase  to  assist 
in  starting  a  single  phase  induction  motor. 
2.  Any  device  for  changing  single  phase 
into  polyphase  currents. 

Phase  Splittindf.— The  process  of  ehan|jng 
a  single  phase  alternating  current  mto 
polyphase  currents. 

Phase  Transformation. — The  use  of  a 

transformer  for  changing  a  system  of  poly- 
phase currents  into  another  system  dif- 
fering in  phase,  or  for  transforming  single 
phase  into  polyphase  currents. 

Phase  Transformer. — ^A  stationary  trans- 
former for  converting  an  altematuig  cur- 
rent {torn  one  number  of  phases  to  another, 
and  at  the  same  time  to  produce  step  up  or 
step  down  transformation. 

Phase  WindinM. — The  windings  of  an 
armature  for  the  production  of  cuirentB 

differing  in  phase. 

Phasing  Current. — ^An  instantaneous 
current  which  passes  through  two  alterna- 
tors before  they  come  into  step  when  th^ 
are  switehed  into  parallel. 

Phasing  Transformer. — A  transformer 
for  changing  the  phase  of  electric  currents; 
one  that  effects  phase  transformation. 

Phelps*  Stock  Printer.— A  system  of 
printing  telegraphy  (or  transmitting  news 
of  stock  transactions. 


( 
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Phenomenon* — ^Any  event  or  change  ob- 
served as  taking  place  in  nature. 

Phial* — ^A  glass  vessel  or  bottle;  a  broad, 
flat  shallow  cup  or  bowl;  also  spelled  vial. 

Phillips  Code. — A  telegraph  code  em- 
ployed in  the  United  States  tor  press  work. 

Philosopher's  Efir^* — ^  ellipsoidal  vacu- 
um chamber  contaming  two  vertical  elec- 
trodes, a  (tischarge  between  which  resem- 
bles a  luminous  egg. 

Phonnntogrnph. — ^A  device  for  register- 
ing speech,  in  which  a  stylus  mounted  upon 
a  diaphragm  is  caused  to  vibrate  by  the 
sound  waves  so  as  to  transfer  the  spoken 
message  by  corresponding  marks  upon  a 
rotating  cylinder. 

Phone. — 1.  A  contraction  commonly  used 
for  telephone. 

2.  A  contraction  for  the  act  of  telephon- 
ing. 

3.  A  telephone  message. 

4.  The  receiver  in  phonoplex  telegraphy. 

Phonic  WheeL — In  a  synchronous  multi- 

Elex  telegraph  system,  a  type  wheel  rotated 
y  timed  electric  impulses  transmitted  over 
tne  line. 

Phono-eleetrio  Wire. — A  wire  used  for 
trolley  lines  and  long  telephone  line  spans. 
It  is  composed  of  98.55%  copper,  1.4%  tin 
and  .05%  silicon.  Its  tensile  strength  is  40 
to  45%  greater  than  that  of  hard  drawn 
copper,  but  its  conductivity  is  only  40% 
that  of  pure  copper. 

Phonopraph. — ^An  apparatus,  invented  by 
Edison,  by  which  permanent  records  of 
sound  are  impressed  upon  wax  cylinders, 
and  afterwards' reproduced  at  will  from  the 
record. 

Phonoffraphio  Record. — ^The  sheet  of 
tin  fofl  or  wax  bearing  the  impression  of 
the  record  made  in  a  pnonograpn;  a  phono- 
gtcun, 

Phonophore* — ^A  name  given  to  a  form  of 
harmonic  telegraph. 

Phonoplex  Receiver. — An  instrument 
comprising  an  electromagnet  and  a  disc 
resembling  the  diaphragm  of  a  telephone 
receiver,  so  adjusted  as  to  respond  to 
pulsatory  currents,  but  to  remam  unaf- 
fected bv  the  regular  Morse  signals;  the 
"  phone    in  phonoplex  telegraphy. 


Phonoplex  Telenaphy. — ^A  system  of 
telegraphy  in  which  pulsatory  currents  are 
superposed  upon  the  regular  Morse  currents 
to  operate  a  torm  of  telephone  receiver,  and 
thus  allow  of  double  transmission  without 
interference. 

Phonoplex  Tranemieaion. — Telegraphic 
transmission  employing  pulsatory  currents 
superposed  upon  regular  Morse  circuits. 

Phonoeeo^e.— An  instrument  for  observing 
or  exhibiting  the  motions  or  properties  of 
sounding  bodies. 

PhonoBenog^raph.^A  device  operating  by 
a  telephone  in  conjimction  with  a  Wheat- 
stone  bridge  for  determining  the  point 
from  which  a  soimd  comes. 

Phosphor  Bronae. — ^An  alloy  of  copper, 
tin  and  two  to  five  per  cent  of  phosphorus, 
of  a  reddish  brown  color,  which  after  an- 
nealing and  tempering  acquires  great  re- 
siliency which  makes  it  useful  for  springs. 
As  an  electric  conductor,  it  is  much  stronger 
than  pure  copper,  but  of  inferior  conduc- 
tivity. It  is  very  durable  and  is  often  em- 
ployed for  parts  of  machinery  exposed  to 
shocks. 

Phosphorescence. — A  manifestation  of 
lununescence,  in  which  light,  previously 
absorbed,  is  emitted  by  a  body  for  a  con- 
siderable time  after  the  original  source  of 
light  has  ceased  to  act  upon  it.  Either  due 
to  slow  oxidation  attended  with  li^t  as  in 
phosphorus,  or  by  the  molecular  vibrations 
causing  the  emission  of  h^t  after  the 
source  of  light  has  been  removed. 

Phosphorescence*  Electric. — Phosphor- 
escence produced  in  a  body  by  a  static  dis- 
charge of  electricity. 

Phosphorescent  Glow. — Luminous  phe- 
nomena following  an  electric  discharge 
through  a  vacuum  tube.  Before  exhaustion 
of  the  tube  the  sparks  pass  without  any 
unusual  effects.  As  the  air  is  exhausted 
the  sparks  become  less  sharply  defined,  and 
widen  out  \mtal  the  entire  volume  of  the  tube  is 
occupied.  At  a  certain  degree  of  vacuum  the 
light  breaks  ;  nto  a  set  of  patches  ci  light  of 
a  cup-like  foi'ui,  which  vibrate  to  and  fro  between 
darker  spaces.  Various  effects  may  be  obtained 
by  introducing  different  gases,  such  as  oxygen* 
mtrogen,  etc.,  into  the  tuoe.  In  hydrogen  gas, 
the  tint  of  the  electric  discharge  is  bluish,  except 
where  the  tube  is  narrow,  where  a  crimson  tint 
may  be,  seen.  The  light  of  discharges  in  a 
vacuum  is  rich  in  these  rays  which  produce  phos- 
phorescence and  fluorescence. 
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Phosphorescent  Lamp. — ^A  lamp  giving 
a  pnosphorescent  light  produced  by  an 
electrical  discharge  tforough  a  vacuum. 

Phosphoroscope. — ^An  instrument  for  de- 
termining the  phosphorescence  or  fluores- 
cence of  a  substance. 

Phosphor  Tin. — Tin  with  which  phos- 
phorus has  been  combined,  rendering  it 
suitable  for  making  phosphor  bronze. 

Phosphorus. — An  elementary  substance, 
of  a  yellowish  color,  and  semi-transparent, 
resembling  fine  wax.  It  bums  in  common 
air  with  great  rapidity,  and  in  oxygen  gas 
with  the  greatest  vehemence.  Even  at  the 
common  temperature,  it  combines  with 
oxygen,  undergoing  a  slow  combustion,  and 
emitting  a  liuninous  vapor. 

Phot. — ^A  unit  of  illumination  equal  to  a  lux 
for  a  second  of  time;  a  hix  second. 

Photo-ehemlc»l  Effects.  —  Chemical 
changes  produced  by  the  action  of  light. 

PhotoHshemleal  Spectrum. — The  sp)ec- 
trum  of  the  ultra-violet  rays  of  light  which, 
though  invisible  to  the  eye,  accompany  lu- 
minous radiation  and  may  be  detected  by 
photographic  means. 

Photo-chemistry. — ^That  branch  of  chem- 
istry which  treats  of  the  action  of  light  in 
producing  chemical  effects. 

Photo-chronocpraph. — An  electric  chrono- 
graph provided  with  a  photographic  ap- 
paratus for  taking  instantaneous  pictures 
of  a  moving  object,  such  as  a  heavenly 
body,  at  regular  mtervals  of  time. 

Photo-electric  Alarm. — An  alarm  oper- 
ated by  a  selenium  cell  by  which  a  bell  is 
rung  when  the  cell  is  exposed  to  the  action 
of  light. 

Photo-electric  Cell. — A  name  sometimes 
given  to  the  selenium  cell,  a  device  employ- 
ed for  the  transmission  of  speech  by  the  ac- 
tion of  light,  depending  upon  the  property 
of  selenium  of  changing  its  electrical  re- 
sistance under  the  influence  of  light. 

Photo-electricity. — Electrical  properties 
developed  by  the  action  of  light. 

Photo-electromotive  Force. — ^Electro- 
motive force  generated  by  the  action  of 
light. 


Photo-engravinf^. — ^A  name  applied  to 
each  of  many  processes,  in  which  the  action 
of  light  on  a  sensitized  surface  is  made  to 
change  the  nature  or  condition  of  the  sub- 
stance of  the  plate  or  its  coating,  so  that 
it  may  be  made  to  afford  a  printing 
surface  corresponding  to  the  original 
from  which  the  photographic  image  is 
derived. 

Photoppaphio  Meter.— An  electric  meter 
employing  photography  to  obtain  its  rec- 
orcl. 

Photometer. — An  instrument  for  measur- 
ing the  intensity  of  light,  and,  especially, 
to  compare  the  relative  illuminating  powers 
of  different  sources  of  light. 

Photometer  Bar. — A  horizontal  bar  pro- 
vided with  a  graduated  scale,  and  used  m  a 
photometer  for  sliding  the  screen  between 
the  two  lights  whose  relative  intensities 
are  to  be  compared. 

Photometer  Box. — A  box  employed  in 
certain  t3rpes  of  photometers  to  contain  the 
photometer  screen. 

Photometer  Screen. — ^A  paper  disc,  often 
containing  a  grease  spot  in  the  center,  plac- 
ed between  the  two  lights  to  be  compared 
by  a  photometer,  and  adjusted  along  a 
graduated  scale;  a  photometer  disc. 

Photometric  Unit. — A  unit  of  light  meas- 
urement, such  as  the  lumen  hour  for  quan- 
tity of  light;  the  lumen  for  flux  of  light ;  the 
candle  or  hefner  for  intensity  of  li^t;  the 
candle  per  aq.  cm.^  or  sq.  ft.  for  brightness; 
and  the  lux  for  illumination. 

Photo-micro|p*aphy. — ^The  act  of  photo- 
graphing microscopic  objects  which  have 
first  been  enlarge  oy  the  microscope. 


Photo-microsraphyi 

use  of  the  etectnc  ui 
raphy. 
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Photophone. — ^An  instrument  for  trans- 
mitting sounds  along  a  beam  of  light  re- 
flected between  mirrors,  and  convei^ng 
upon  a  selenium  cell.  The  reflecting  mirror 
is  thrown  into  vibrations  by  the  sound 

waves,  and  the  beam  of  light  consequently 
falls  with  varying  intenai^  upon  a  receiver  of 
selenium  connected  in  circuit  with  a  small  battery 
and  a  telephone  receiver  in  which  the  sounds  are 
reproduced  by  the  variations  of  the  current.  Tel- 
lurium possesses  similar  properties  and  caifaon 
also  is  sensitave  to  light. 
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Photophore. — ^A  form  of  endoscope  em- 
ploying a  small  incandescent  lamp  for  ex- 
amming  the  internal  cavities  of  the  human 
body. 

Photosphere. — ^The  luminous  envelope  of 
incandescent  matt^  surrounding  the  sun. 

Photo-telecpraphy. — Telegraphic  trans- 
mission by  means  of  light,  as  with  a  helio- 
graph or  a  photophone. 

Photo-Toltaic  Effect* — A  change  in  the 
electric  resistance  of  a  substance,  especi- 
ally of  selenium,  when  exposed  to  light. 

Physical. — Relating  to  nature  and  the 
operation  of  natural  law. 

Physical  Chan^^. — Any  change  occurring 
in  matter  without  altering  its  chemical 
constitution,  as  distinguished  from  chemical 
change. 

Physical  Law. — A  law  according  to  which 
a  constant  relation  exists  between  certain 
physical  quantities ;  a  law  of  phjrsical 
phenomena  ;  a  naUaral  law. 

Physical  Tests. — ^Experiments  conducted 
with  specimens  of  materials,  to  determine 
their  inherent  properties,  as  tenacity,  elas- 
ticity^  etc.,  by  the  aid  of  mechanical  com- 
binations of  levers  and  weights  to  apply 
the  stresses  in  the  desired  manner. 

Physics. — A  branch  of  natural  science  con- 
cerned with  many  natural  phenomena  and 
their  laws,  including  sound,  light,  heat, 
magnetism  and  electricity. 

Physiology. — ^The  science  concerned  with 
the  laws  and  phenomena  of  living  nature. 

Piaaot  Electric. — ^A  piano,  in  which  elec- 
tric currents  are  closed  by  fingering  the 
keys,  so  that  electromagnets  are  caused  to 
oporate  the  hanmiers  upon  the  strings. 

Piano  Wire. — ^Also  known  as  music  wire; 
a  remarkably  fine  and  strong  steel  wire,  in- 
tended for  use  in  musical  instruments,  but 
much  employed  in  the  mechanical  arts  for 
measuring  purposes,  making  small  spiral 
springs,  etc. 

Picking  Up  Gear. — In  submarine  cable 
operations,  the  apparatus  for  bringing  a 
cable  to  the  surface. 


Pickle. — To  steep  in  an  acid  bath,  for  the 
purpose  of  removing  impurities;  as,  in  the 
following: 

1.  In  boilermaking,  the  plates  are  steeped 
on  edge  for  a  period  of  six  hours,  in  racks 
within  a  wooden  bath,  containing  a  5% 
solution  of  hydrochloric  aicid  ia  fresh  water.  This 
looBens  the  mill  scalet  which  is  removed  bv  the  aid 
of  wire  brooms,  mechanical  brushes  and  a  plen- 
tiful supply  of  water.  The  cleaned  plates  are 
immeiBed  in  an  alkaline  bath  of  weak  quicklime 
and  water,  to  neutralise  remaining  acid,  and 
finally  washed  in  fresh  water. 

2.  In  iron  founding,  the  castinei  t^re  placed  on 
racks,  and  have  a  25%  solution  dl  sulphuric  acid 
poured  over  them,  by  means  of  a  ladle,  the  acid 
being  collected  and  used  over  again.  After  stand- 
ing to  diip  all  night,  the  castings  are  washed  down 
with  a  hose  and  brooms,  remaining  sand  being 
removed  by  wire  brushes  and  old  files.  A  better 
method  is  to  8teei>  for  two  or  three  houre  in  a 
wooden  vat  containing  ten  per  cent  solution  of 
hydrofiuonc  cund,  which  attacks  scale  and  sand, 
but  not  iron.  A  vat  may  be  used  three  or  four 
times  with  the  same  acid. 

Picklinff  Solution. — I.  In  electroplating, 
an  acidsolution  for  cleansing  the  surface  ot 
metallic  objects  preparatory  to  plating; 
the  pickle. 

2.  A  solution  of  dilute  sulphuric  acid  for 
immersing  steel  and  iron  to  remove  scale 
and  oxide  before  galvanizing. 

Piece  Number. — ^A  number  given  to  a 
pattern  or  a  part  of  a  machine  to  be  used  in 
case  of  repairs  or  duplication. 

Piece  of  Wire. — ^A  continuous  length  of 
wire  free  from  joints  or  sphces. 

Pierced  Armature. — A  dynamo  or  motor 
armature  provided  with  openings  or  slots 
for  the  introduction  of  the  coils;  a  perforated 
or  slotted  armature. 

Pieso-electricity. — Electricity^  produced 
by  pressure,  such  as  the  electric  polarity 
sometimes  seen  in  a  crystalline  substance. 
It  was  discovered  bv  HaOy,  that  a  crystal 
of  calcspar  pressed  between  a  man's  dry 
fingers,  so  as  to  compress  it  alon^;  the  blunt 
edi;es  of  the  crystal,  became  dectncal,  and  re- 
mamed  in  this  condition  for  several  days.  Mica, 
topas  and  fluorspar  are  said  to  possess  a  similar 
property.  Opposite  kinds  of  electricity  are  pro- 
duced by  pressure  on  a  crystal  tourmafine  at  the 
opposite  ends,  and  also  on  other  crystals  which 
possess  a  skew-symmetiy  or  hemihedry  in  their 
structure. 

Piesometer. — An  instrument  to  measure 
flowing  water.  If  a  vertical  or  oblique 
tube  be  inserted  into  a  pipe  contaimng 
water  under  pressure,  the  water  will  rise  in 
the  former,  and  the  vertical  height  which 
it  reaches  will  be  the  head  producing  the 
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{tressure  at  the  point  where  the  tube  is  attached, 
f  the  water  in  the  piesometer  falls  below  its 
proper  leveU  it  shows  that  the  pressure  in  the 
mam  pipe  has  been  reduced  by  an  obstruction 
between  the  piesometer  and  the  source  of  water 
supply.  If  the  water  rises  above  its  proper  leveU 
the  pressure  there  has  been  increased  by  an 
obstniction  beyond  the  piezometer. 

Ply  Iron.— Iron  refined  from  the  ore  in  a 
blast  furnace,  and  run  into  gridiron  shaped 
moulds  in  the  open  air,  where  it  takes  the 
form  of  semi-cylindrical  bars  attached  at 
right  angles  to  a  longitudinal  bar,  .thus 
bearing  a  resemblance  to  a  sow  and  pigs. 

Pi^  Lead. — Lead  in  300  pound  bars  or 
moulds  as  it  comes  from  the  reduction 
furnace;  the  commercial  form  in  which  it  is 
sold. 

Pike  Pole. — ^A  long  pole,  twelve  or  sixteen 
feet  in  length  and  tipped  with  an  iron 
spike,  for  use  in  raising  telegraph  poles. 

Pile. — A  voltaic  battery  consisting,  usually, 
of  super-imposed  plates;  the  voltaic  pile. 

Pilot  Brush. — ^An  additional  commutator 
brush  used  for  testing  the  electromotive 
force  derived  from  the  dififerent  commu- 
tator segments. 

Pilot  House  ControUiudf  Cfrear. — ^The 
appliances  in  a  ship's  pilot  house  for  con- 
trolling the  searchhght. 

Pilot  Lamp. — 1.  In  a  central  power  sta- 
tion, an  incandescent  lamp  placed  upon  a 
dynamo,  and  connecjted  across  its  termi- 
nals to  show  the  pressure  of  the  terminals 
by  the  brightness  of  its  light. 

2.  In  a  lamp  signal  telephone  switch^ 
board,  a  specially  conspicuous  lamp  con- 
nected with  a  group  of  line  lamps  in  such 
a  way  that  it  remains  lighted  as  long  as  any 
one  of  the  lamps  in  the  group  is  lighted. 

Pilot  Motor. — A  small  motor  designed  to 
start  and  control  a  large  motor. 

Pilot  Transformer. — ^A  small  transformer 
set  at  any  point  in  an  alternating  current 
system,  in  order  to  indicate  to  the  central 
station  the  pressure  at  that  point. 

Pilot  Valve. — A  small  valve  fitted  to 
larger  valves  on  a  main  steam  pipe,  used  to 
equalize  pressures  before  opening  or  closing 
or  to  free  the  piping  of  pressure  if  neces- 
sary.   Also  calied  by-pass  valve. 


Pilot  Wires. — In  an  electric  lighting  or 
power  system,  small  wires  connecting  dis- 
tant points  in  the  mains  with  a  voltmeter 
at  the  central  station,  in  order  that  the 
pressure  at  those  points  may  be  watched. 

Pincers. — ^An  instrument  having  two  hand- 
les and  two  opposing  curved  jaws,  working 
upon  a  pivot,  thus  belonging  to  the  same 
category  of  grasping  implements,  as  tongs, 
pliers,  and  the  like. 

Pine. — ^A  member  of  the  pine  family  of 
trees,  with  evergreen,  needle  shaped  leaves, 
distributed  widely  and  plentifully  through 
the  Northern  Hemisphere.  The  name  is 
also  given  to  many  of  the  woods  obtained 
from  these  trees,  others  being  known  as/ir 
SLuddeal. 

Pinion. — ^A  small  cog  wheel  in  gear  with 
a  larger  one,  either  singly  or  in  a  train,  a 
small  gear  wheel  meshing  with  a  rack. 

Pin  Plu|f. — ^A  slender  metal  plug  designed 
to  make  an  electrical  connection  when  in- 
serted between  two  contact  blocks. 

Pins. — In  pole  line  construction,  wooden 
pegs  with  threads  cut  to  fit  the  glass  line 
msulators. 

Pipe  Conduit. — ^A  conduit  for  underground 
wiring,  consisting  of  properly  prepared 
metal  piping. 

Pipe  Fittings. — Connections,  appliances, 
and  adjuncts  designed  to  be  used  in  con- 
nection with  iron  pipes,  such  as  elbows  and 
bends  to  alter  the  direction  of  a  pipe;  tees 
and  crosses  to  connect  a  brancn  with  a 
main;  plugs  to  close  an  end;  bushings, 
diminiskers  or  reducina  sockets  to  couple 
two  pipes  of  different  dimensions,  etc. 

Pipe  Pole. — ^A  pole  for  overhead  wires, 
consisting  of  jointed  metal  pipes  or  tubes. 

Pipe  Threads. — Screw  threads  emplo^red 
in  connection  with  wrought  iron  pipe. 
The  standard  thread  is  the  V,  with  an  angle 
of  60°  between  its  sides,  slightly  rounded  at 
top  and  bottom,  and  having  a  taper. 


Pip 

a' 
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^e  Tones. — ^In  pipe  and  steam  fitting, 
hand  tool  for  grippmg  pieces  or  lengths  ot 


Pipette. — ^A  small  graduated  .glass  tube  for 
transferring  measured  quantities  of  liquids 
from  one  vessel  to  another. 
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Pipe  Vise. — ^A  gripping  appliance  for  hold- 
ing pipes  while  Deing  threaded  or  cut,  hav- 
ing two  V  shaped  serrated  jaws  sliding 
within  each  other,  the  grip  being  applied 
or  released  by  means  of  a  screw  and  toggle. 

Piston. — A  device  for  receiving^  the  pressure 

of,  or  operating  upon,  a  fluid  in  a  cylinder 

or  tube.    It  usimlljr  consists  of  a  short 

cvlinder.  fitting  within  a  cylindrical  vessel, 

along  wnich  it  moves  back  and  forth.    It 

is  used  in  steam  engines  to  receive  motion 
from  the  steam*  and  in  pumpe  to  tranamit  motion 
to  a  fluid.  It  is  the  essential  iMirt  of  a  veciprooat- 
ing  engine;  a  metal  disc  working  in  the  oy Under, 
under  the  pressure  of  steam,  and  connected  by 
means  of  a  linlouie  of  rods  with  the  cranked 
rotating  shaft,  whereby  the  power  is  uaefullv 
ai^plieoT  In  locomotiveat  the  piston  is  either  solid, 
witti  Ramsbottom  or  snap  rings  fitted  into  grooves 
in  its  ciroumf erence.or  else  is  Duilt  up  with  metal- 
lic padcing  rings,  retained  in  place  by  a  {>late  or 
ring.  In  such  cases,  the  body  of  the  piston  is 
termed  the  head,  any  solid  ring  used  to  separate 
the  split  packing  rings  is  the  bvU  rino^  while  the 
retaining  plate  or  ring  is  known  as  the  follower. 

Piston  nanometer. — ^A  manometer  em- 
ploying hydraulic  pressure  for  compressing 


Piston  Speed. — An  engineering  expression, 
signifying  the  total  distance  traversed  by 
the  piston  of  an  engine,  in  one  minute, 
rather  than  the  actual  velocity  at  any 
given  instant  of  time.  Thus,  an  engine 
whose  cranks  have  24  inches  throw,  re- 
volving 126  times  per  minute,  is  said  to  nave 
a  piston  speed  of  504  feet  per  minute. 

The  result  is  obtained  by  the  use  of  the  follow- 
ing fonnula: 

<Xitrok«  fai  tachw X rs vol vttaM  per  flafovto 
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Pitch* — 1.  The  vibration  frequency  of  a 
musical  note. 

2.  The  vertical  distance  between  two 
threads  of  a  screw  measured  parallel  to  the 
axis. 

3.  Center  to  center  distance  between 
windings  on  a  dynamo  armature. 

Pitchblende. — ^A  mineral  substance  from 
which  the  element  radium  is  derived  by 
chemical  separation,  together  with  three 
other  radio-active  substances,  viz.:  ura- 
nium, polonium,  and  actinium. 

Pitch  Line. — A  circle  drawn  through  the 
middle  of  the  length  of  the  condfuctors 
wound  upon  an  arniature  for  the  purpose 
of  measuring  the  pitch  of  the  windings. 


Pitch  of  Poles. — ^In  an  alternator,  the 
distance  between  the  center  of  one  pole 
piece  to  the  oent^  of  the  opposite  pole 
piece. 

Pitch  of  Winding. — 1.  In  armature  wind- 
ing, a  term  denoting  the  spacing  of  the 
winding  or  the  distance  from  one  element  to 
the  next  similar  element  in  the  succession. 
The  pitch  is  usually  expressed  in  terms  of 
the  number  of  conductors  spanned  over, 
though  sometimes  in  tenns  of  the  number  of  loops 
of  conductors  or  of  slots  passed  over. 

2.  In  an  alternating  current  dsrnamo,  the  dis- 
tance measured  upon  the  pitch  line  between  suc- 
cessive positive  and  negative  poles. 

Pith. — A  light  spongy  cellular  tissue  which 
occupies  the  center  of  the  stem  in  certain 
plants. 

Pith  Ball  Electroscope. — An  instrument 
consisting  of  a  pair  of  pith  balls  suspended 
by  cotton  threads  from  an  insulat^  con- 
ductor; when  approached  by  a  rubbed 
glass  rod  the  balls  n^r  apart,  thus  exhibiting 
the  repulsion  existing  between  similarly 
electrined  bodies. 

Pith  Balls.— Small  pellets  cut  from  pith 
for  use  in  experiments  in  static  electncity 
with  the  pith  ball  electroscope. 

Pitot  Tube. — In  hydraulics,  a  bent  tube 
used  to  determine  the  velocity  of  running 
water,  by  placing  the  ciurved  end  under 
water,  and  observing  the  height  to  which 
the  fluid  rises  in  the  tube;  a  kmd  of  current 
meter. 

Pittinif. — In  a  steam  boiler,  a  form  of  cor- 
rosion rcjfsulting  in  rows  of  minute  holes  or 
pits  like  pock  marks.  Pitting  is  most 
capricious  m  the  location  of  its  attack;  it 
may  be  described  as  a  series  of  holes  often 
running  into  each  other  in  lines  and  patches, 
eaten  into  the  surface  of  the  iron  to  a  depth 
sometimes  of  one  quarter  of  an  inch.  Pitting  is  a 
dangerous  form  of  corrosion,  and  the  dangers  are 
increased  when  its  existence  is  hidden  beneath  a 
coating  of  scale. 

Pivotal  Trolley. — ^A  trolley  base  pivoted 
so  that  the  trolley  pole  may  readily  be  turn- 
ed about  to  reverse  the  direction  of  the  car. 

Pivot  Suspension. — A  method  of  support- 
ing the  mdicating  needle  of  an  electric 
measuring  instrument  in  which  the  needle 
has  a  jewel  at  its  center  resting  upon  a 
sharp  i>ivot,  as  distinguished  from  fiber 
suspenAon, 


Plaited  Accumulator. 


330 


Plating. 


Plaited  Accomnlator. — A  secondary  or 
storage  cell  having  grids  consisting  of  lead 
strips  plaited  together. 

Plan. — A  drawing  of  a  building  or  machine, 
done  in  a  manner  resembling  a  map;  that 
is,  as  viewed  from  above;  a  representation 
of  a  horizontal  plane  of  anytning;  a  dia- 
gram. 

Plane  An^le. — An  angle  included  between 
two  lines  m  the  same  plane. 

Plane  of  Polarisation. — In  plane  polar- 
ized light,  the  plane  perpendicular  to  the 
direction  of  the  vibration  of  the  light  waves. 

Plane  Vector. — ^A  Quantity  possessing 
both  magnitude  and  direction  in  a  single 
plane. 

Planimeter.  —  An  instrument  used  .for 
measuring  areas,  as  in  indicator  diagrams. 
It  consists  of  two  hinged  levers,  with 
points  at  the  ends;  one  of  which  is  secured 
to  the  paper,  while  the  other,  having  at- 
attached  to  it  a  graduated  wheel,  is  traced 
around  the  outline  of  the  figure;  the  circuit  being 
completed,  the  area  is  read  from  a  graduated 
wheel,  a  vernier  being  provided  00  the  area  may 
be  read  to  three  decimal  places.  For  a  diagram, 
the  area  is  divided  by  the  length,  which  gives  the 
average  height  or  mean  pressure. 

Planin&etry. — That  branch  of  geometry 
which  deals  with  the  measurement  of 
plane  surfaces;  the  mensuration  of  areas, 
as  distinct  from  longimetry,  which  deals 
with  lengths  of  lines,  or  stereometry,  which 
measures  solid  contents. 

Plano-concave. — Having  one  surface  flat 
and  the  opposite  surface  concave,  especially 
as  appUea  to  a  lens. 

Plano-convex. — Having  one  surface  flat 
and  the  opposite  surface  convex,  especially 
as  appUed  to  a  lens. 

Plant. — ^The  collection  of  machines  and 
appliances,  grouped  together  in  any  par- 
ticular workshop,  factory  or  building.  An 
assemblage  of  machinery  gathered  together 
for  one  common  end,  or  for  the  business  of 
an  individual,  Arm  or  corporation. 

Plant*  Electric. — ^The  establishment,  in- 
cluding all  the  machinery,  apparatus  and 
appliances  for  generating  ana  distributing 
electrical  energy. 

Plante  Cell. — ^An  efflcient  form  of  storage 
cell  named  after  its  inventor;  it  is  com- 


posed of  large  sheets  of  lead,  separated 
by  non-conducting  material  and  rolled  to- 
gether, dipped  in  dilute  sulphuric  acid,  and 
"formed  by  charging  with  electric  cur- 
rents. 

Plant  Electricity.— Electricity  exhibited 
in  vegetable  life;  such  as  differences  of 
potential  existing  in  various  parts  of  a  tree. 

Plante,  Raimond  Louis.— Bom  1832, 
died  1899;  a  French  electrician,  inventor  of 
a  type  of  storage  battery  (1859). 

Plaster. — 1.  A  composition  made  of  vary- 
ing proportions  of  lime,  sand  and  water,  to- 
gether with  hair  or  other  binding  material. 
Used  as  a  coating  for  walls,  ceilings  and 
partitions,  being  usually  laid  on  laths  and 
Jurrings. 

2.  Gypsum  or  plaster  of  Paris,  as  used 
for  the  ornamental  or  intricate  parts  of  a 
plasterer's  work. 

Plastic  MetaL — In  metals,  a  white  allo^ 
having  a  low  coefficient  of  friction  and  anti- 
corrosive  properties,  which  adapt  it  for 
high  speed  bearings  and  for  use  under 
water.  It  contracts  very  little  in  cooling 
and  fuses  at  a  low  temperature,  and  is  used 
for  fan  bearings,  locomotive  axle  boxes, 
glands,  and  for  coating  propeller  blades. 

Plastic  Rail  Bond. — In  an  electric  rail- 
road track,  a  bond  between  rail  ends  com- 
posed of  a  conducting  compoimd  which  is 
applied  when  in  a  plastic  state. 

Plate  Condenser. — A  form  of  condenser 
for  experimental  purposes  first  devised  by 
Aepinus  and  often  called  Aepinus  conden- 
ser. It  consists  of  two  brass  discs,  one 
joined  to  a  battery  and  the  other  to  earth 
and  separated  by  a  glass  plate.  The' in- 
ductive action  of  electricity  across  the  plate  causes 
an  accumulation  of  electric  charge  on  the  positive 
disc.  This  device  was  formerly  called  an  occur 
mulator. 

Plated. — Covered  with  a  coating  of  metal 
as  by  electroplifting. 

Platform  Controller. — ^The  controller  or 
switch  placed  upon  the  platform  of  a  trolley 
car  for  the  purpose  of  govermng  the  move- 
ments of  the  car. 

Platform  Coupling^.  —  A  coupling  for 
electric  cars  placed  upon  the  car  platform. 

Plating^. — I.  The  process  of  covering  an 
object  with  a  coating  of  metal,  as  in  electro- 
plating. 
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2.  The  art  of  ooating  stronger  or  baser 
metals  with  a  fihn  of  a  more  valuable  one, 
such  as  silver,  gold,  or  nickel;  either  by 
electro  deposition  or  otherwise. 

Platiny  BaUfcnee. — A  balance  from  which 
an  article  to  be  electroplated  is  suspended, 
so  that  when  the  article  accumulates  de- 
posited metal  up  to  a  certain  weight  the 
balance  tips  and  automatically  stope  the 
operation. 

Plating  Bath. — ^In  electroplating,  the  aeid 
solution,  containing  a  salt  of  the  metal  to 
be  deposited,  held  in  a  vat  or  trough  which 
is  fitted  with  terminals  for  the  passage  of  an 
electric  current  throuf^  the  solution.  The 
action  of  electrolvsLB  in  this  liquid  causes 
metal  to  be  freed  from  the  anode  and  de- 
posited upon  the  cathode  whidi  is  the 
object  to  be  plated. 

Platinflp  Xhrnaaio. — ^A  dsmamo  which  sup- 
plies Uie  electric  current  for  electroplating' 

Platinlring.— To  ooat  a  surface  with  finely 
divided  platinum  to  provide  a  conducting 
surface;  also  plaHnating  and  pUUining. 

Platinoid. — An  allojr  of  copper,  zinc,  nickel 
and  tungsten,  havmg  a  temperature  co- 
efficient less  than  half  that  of  German  sil- 
ver, often  employed  for  resistance  wires  in 
resistance  boxes.  The  addition  of  tun^en 
imparts  greater  density,  and  when  pohshed 
the  alloy  Eas  the  appearanee  of  rilver.  The  re- 
sistance of  platinoid  ranges  from  about  thir^  to 
tfalrty-siz  miorohms  between  the  opposite  faoes 
of  a  cubic  oenteimeter  of  the  aUoy.  this  beinc 
about  one  and  one-half  times  the  raBiBtanoeol 
Qerman  silver. 

Platiiram. — ^A  somewhat  rare,  sOvery  white 
metal,  specific  gravity  21.5,  nearly  the 
heaviest  Known,  while  it  melts  at  about 
36W  Fahr.  Platinum  is  verv  ductile,  is 
not  dissolved  by  any  add,  and  is  verv  dif- 
ficidt  to  oxidize.  Its  coefficient  of  ex- 
pansion is  practically  the  same  as  that  of  glass, 
hence  it  is  used  for  the  little  connecting  wires 
through  the  top  of  an  inoandesoent  bunpTleading 
the  current  from  the  contact  pieces  to  the 
filament. 

Platinum  Blaek* — ^A  dull  black  powder 
of  finely  divided  platinum  having  in  a  high 
degree  the  power  of  absorbing  oxygen. 

Platiniim  Fase. — ^A  slender  strip  or  wire 
of  platinum  used  for  firing  a  blast  when 
heated  to  incandescence  by  an  electric 
current. 


Platinum  Lamp. — ^An  incandescent  lamp 
having  a  platinum  filament. 


Platinum  Plating* — ^Depositing  a  coating 
of  platinum  upon  an  object  by  electro- 
plating. 

Platinum  Silver. — ^An  alloy  composed  of 
one-third  platinum  and  two-thirds  silver, 
possessing  nigh  specific  resistance. 

Platinum  Standard  Liffht. — ^A  standard 
of  light  proposed  by  "^^olle;  being  that 
which  is  emitted  by  a  square  centimeter  of 
melted  platinum  at  the  temperature  of 
solidification  or  at  its  melting  point;  the 
vioUe, 

Platinum  Voltameter.  —  A  voltameter 
having  electrodes  of  platinum  in  dilute 
sulphuric  acid. 

Platymeter. — ^An  instrument,  consisting 
essentially  of  a  pair  of  cylindrical  con- 
densers with  their  mner  coatmgs  connected, 
for  the  purpose  of  measuring  the  capacity 
of  condensers,  or  the  specific  inductive  ca« 
padty  of  dielectrica. 

Play. — ^A  shop  term  for  the  amount  of 
slack  or  looseness  of  fit  between  two  pieces; 
the  movement  of  one  piece  within  another. 

Plenum. — Any  condition  of  fullness;  a  pres- 
sure of  air,  tne  opposite  to  vacuum.  The 
plenum  nuUhod  of  rentiUUion  is  a  system  for 
ventilating  buildings  by  forcing  in  fresh 
air,  the  plenum  or  fullness  created  by  its 
incoming,  causing  an  outward  flow  of  foul 
air. 

Pliers. — Pinching  tools,  usually  of  small 
size  and  operate  in  one  hand.  They  are 
used  for  manipulating  wire  or  small  objectS| 
the  nose  or  points  being  variously  shapea 
for  different  purposes.  The  gripping  pomts 
are  more  or  less  straight  instead  of  being 
curved  like  pincers. 

Plow. — In  a  conduit  trolley  system,  the 
contact  that  is  pushed  along  the  under- 
ground trolley  wire  in  the  conduit  for  the 
purpose  of  deriving  current  for  the  car 
motors. 

Plow*  Eleetrio. — A  plow  driven  by  elec- 
tricity, used  in  agricultural  operations  on  a 
large  scale. 

Plow  Steel  Wire. — Denotes  a  very  high 
quality  of  wire  originally  used  in  the  manu- 
facture of  steel  rope,  sometimes  used  for 
electric  conductors. 

Plncker  Tube. — A  form  of  vacuum  tube 
specially  designed  to  exhibit  the  stratifica- 
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tion  of  luminouB  rayB,  and  the  efiFecto  pro- 
duced in  the  neighborhood  of  the  negative 
electrode. 

Plufl^« — 1.  A  tenninal.  consisting  of  a  metal 
tip  and  sleeve,  insulated  from  each  other, 
and  connectea  to  a  flexible  cord,  for  in- 
serting into  a  spring  jack  in  a  telephone 
switcm>oard,  ana  makmg  the  desirea  con- 
nection. 

2.  A  metal  key  with  insulated  handle  for  insert- 
!n«^  between  contact  blocks  to  complete  a  circuit, 
as  in  a  resistance  box. 

3.  A  general  term  for  a  fiiece  of  any  suitable 
material  or  form  used  to  fill  up  a  hole,  the  object 
usuaily  being  to  prevent  leaks. 

IPhoLg  Cut  Out. — ^A  form  of  safety  fuse 
block  provided  with  a  fuse  plu|^ 

'^lugffln^m — ^liaking  a  connection  by  insert- 
ing a  plug,  as  in  a  telephone  switchboard, 
or  resistance  box. 

Plii§^  Hole. — ^The  hole  in  a  switchboard  for 
inserting  a  plug. 

Plufl^  Key. — ^A  plug  resembling  a  key, 

Plii§^  ResIstaAceB. — The  resistance  Goils 
of  a  resistance  box  provided  with  contocts 
and  plugs. 

Plu^  Bheovtat. — ^A  resistance  box  in 
which  the  coils  terminate  in  brass  blocks 
which  are  reamed  out  to  fit  the  shape  of 
brass  plugs  with  insulated  handles.  By 
inserting  or  withdrawing  the  plugs  the  re- 
sistances can  be  varied. 

Ploif  Sleeve. — A  tube  of  brass  which  en- 
cases the  tip  conductor  of  a  telephone 
switchboard  plug,  and  forms  the  second 
contact  part. 

Vlug  Switch. — ^A  switch  containing  con- 
tact blocks  separated  from  each  other  by 
just  sufficient  space  to  admit  the  plugs 
which  complete  the  circuits. 

Plngf  Switchboard. — A  switchboard,  such 
as  a  telephone  switchboard,  which  makes 
its  connections  by  the  insertion  of  plu^. 
It  consists  of  two  distinct  parts:  1,  a  series 
of  upright  panels  carrying  drop  shutters 
and  round  apertures  under  the  annunciator 
numbers,  and,  2,  a  horisontal  board  or  table,  upon 
which  appear  a  number  of  upright  instruments, 
and  in  front  of  them  a  row  of  short  levers.  The 
panel  apparatus  thus  consists  of  a  number  of 
small  instruments  such  as  are  used  on  a  hotel 
annunciator,  which  are  known  as  **drops.'*  and  of 
another  series  of  instruments,  fixed  behind  the 


round  holes  on  the  front  of  the  paaeL  which  are 
called  **jaol»,'*  or  spring  jacks.  The  upright 
instruments,  that  stand  in  rows  below  the  panel- 
boards,  are  the  **plun";  and  each  of  them  is 
secured  at  the  end  of  a  fiexible  cord,  passing 
through  a  hole  in  the  switchboard  table,  attached 
at  the  back  of  the  board,  and  held  in  place  by 
pulley  weights,  llie  object  of  these  plugs  is  to 
close  the  circuits  between  any  two  subscribeis' 
lines,  one  of  a  given  pair  being  inserted  in  the 
"jack**  corresponding  to  the  calling  station,  and 
another  in  tiiat  corresponding  to  the  called  sta- 
tion, connection  being  noade  between  the  two 
lines  by  means  of  the  flexible  conducting  cords. 
A  row  of  small  levers  at  the  front  of  the  table 
constitutes  the  operator's  ''listening  and  ringing 
keiys." 

Plumba^. — Graphite  or  "blacklead";  used 
for  crucibles  and  lubricating  and  also  to 
coat  non-conducting  surfaces  as  gutta- 
percha. It  is  the  composition  with  which 
the  interior  of  pencils  is  filled. 

Plumbing^. — ^The  art  of  working  in  lead, 
from  the  Latin,  plumbum,  lead.  The  work 
of  the  plumber  ues  chiefly  in  manipulatine 
leaden  sheets  and  pipes  to  various  desired 
forms,  but  also  includes  the  use  of  other 
materials,  such  as  brass,  iron  or  stoneware, 
in  connection  with  water  supply,  baths,  drainage, 
heating,  ventilation,  and  sanitoiy  arrangements 
of  houses  and  buildings  generally. 

Plumb  Line. — 1.  A  line  having  a  weight 
attached  to  its  end;  used  to  determine  a 
perpendicular;  a  plummet. 

2.  A  line  perpendicular  to  the  plane  of 
the  horizon;  a  line  directed  to  the  center  of 
gravity  in  the  earth. 

PlnnM  Battery. — A  primary  battery  in 
which  the  plates  are  so  mounted  upon  a 
supporting  bar  that  they  can  be  lifted  out 
of  the  electrolyte  when  not  in  use,  and  kept 
from  wasting  in  the  solution. 

Plmiflfer  Door  ContarCt. — A  form  of  door 
contact  in  which  a  small  plunger  is  forced 
by  the  closing  door  against  a  spring  which 
closes  an  electric  circuit  and  rings  a  bell. 

Plnnf^r  Floor  Contact. — An  electric 
floor  contact,  operating  on  the  principle  of 
a  plunger,  and  pushed  by  the  foot. 

Plnnf^r  Pump. — A  reciprocating  pump 
for  working  against  comparatively  high 
pressures,  the  plunger  or  ram  being  a  sohd 
cylindrical  piece  which  is  moved  in  and  out 
of  the  pump  chamber,  its  displacement  at 
each  stroke  theoretically  corresponding  to 
the  amount  of  liquid  drawn  into  the  pump 
and  then  expelled. 

Plnnfl^er  Switch. — A  form  of  circuit 
brcf^er  employed  in  high  tension  work.    It 
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consists  of  a  metal  plug  drawn  in  and  out  of 
a  split  tube  bv  a  lever  mechanism  while 
immersed  in  oil. 

Plus*  Chajfge, — ^A  positive  charge.  The 
kind  of  electric  charge  which  is  develop^ 
on  glass  by  rubbing  it  with  silk,  as  distin- 
goisned  from  a  minus  or  negative  charge 
such  as  is  produced  on  resinous  bodies  by 
friction  witn  flannel  or  fur. 

Plus  Pole.  —  The  positive  pole  of  a 
magnet.  It  is  the  pole  which,  if  the  mag- 
net were  suspended,  would  tend  to  point 
to  the  north.  It  is  also  called  the  north, 
north-seeking,  N,  marked,  blue,  and  boreal 
pole. 

Pneumatic. — Of  or  pertaining  to  air,  gases, 
elastic  fluids,  etc.  The  term  is  generally 
restricted  to  matters  connected  with  the 
nature  or  use  of  air,  either  under  a  partial 
vacuimi  or  under  pressure. 

Pneumatic  Battery. — ^A  form  of  bichro- 
mate primary  battery  arranged  to  permit  a 
jet  of  air  to  be  blown  through  the  electro- 
lyte to  aid  in  its  diffusion  and  depolariza- 
tion. 

Pneumatic  Perforator. — In  automatic 
telegraphy,  a  perforator  operated  by  com- 
pre^ea  aur. 

Pneumatic  Roddlng^. — A  method  of  pass- 
ing a  wire  through  a  conduit  duct  by  ap- 
plying air  suction  at  the  farther  end,  which 
draws  a  wooden  cylinder  or  "  dart "  through 
the  duct  followed  by  the  wire  which  is  at- 
tached to  it. 

Pocket  Galvanometer.— A  galvanometer 
of  convenient  size  to  carry  in  the  pocket. 

Pocket  Gau§^e»  ^  Electric.  —  A  pocket 
galvanometer  suitable  for  approximate 
measurements. 

Pocket  Relay. — A  small  sized  telegraphic 
relay. 

Pockets. — Spaces  left  in  walls,  ceilings,  etc., 
to  permit  electrical  connections  to  be  made 
in  a  system  of  inside  wiring. 

P^^iT^Adorir  Cell. — A  bichromate  cell 
first  invented  by  Poggendorfif. .  The  electro- 
l3rte  consists  of  dilute  sulphuric  acid  to 
which  has  been  added  bichromate  of  potash 
to  prevent  polarization,  the  bichromate 
conoioining   with   the   hydrogen   as   it   is 


liberated  from  the  sulphurio  acid.  The  elementB 
are  plates  of  linc  and  carbon,  there  being  usually 
three  plates  of  sine  and  four  of  carbon  to  each 
ceU.  Cells  of  this  type  are  usually  arranged  as  a 
jAunffe  bailery,  the  i^ls  being  connected  m  series, 
and  the  plates  suspended  from  a  cross  bar  so  that 
by^  a  windlass  arrangement,  all  tbe  plates  can  be 
raised  out  of  the  aoiutioii  when  not  m  use. 

Ponrendorft  Johaan  Christian. — ^Bom 
1796,  died  1877.  A  German  physicist, 
distinguished  for  his  investigations  in 
electricity  and  magnetism;  inventor  of  the 
first  serviceable  device  for  measuring  elec- 
trical resistance  (1841). 

Point  Discharge.— The  discharge  of  static 
electricity  from  the  tip  of  a  pointed  con- 
ductor which  takes  place  when  electricity 
of  high  potential  accimiulates  at  such  a 
point,  and  by  electrifying  the  surrounding 
air  causes  an  escape  of  el«^ricity  by  means 
of  the  charged  air  particles;  convective  dis- 
charge. 

Pointer. — A  needle  or  hand  on  a  dial;  a 
traveling  or  stationary  index  on  a  scale;  an 
indicator  to  show  direction  or  the  like. 

Pointer  Telegraphy* — A  system  of  teleg- 
raphy employing  a  needle  or  dial  instru- 
ment at  the  receiving  end.  A  code  of 
movements  of  an  index  or  pointer  swinging 
over  the  face  of  the  dial  to  the  right  and 
left  comprise  the  letters  of  the  alphabet. 

Point  of  Ignition. — ^The  moment  at  which 
the  mixture  in  a  gas  engine  cylinder  is 
ignited,  and  which  corresponds  to  a  certain 
point  in  the  cycle  of  operations,  should  be 
neither  too  early  nor  too  late  relatively  to 
the  ending  of  the  compression  and  the 
beginning  of  the  power  strokes. 

When  the  moment  of  ignition  occurs  too  early, 
the  maximum  pressure  of  the  exi>loeion  is  reached 
before  the  end  of  the  compression  stroke,  thus 
retarding  the  motion  of  the  piston,  increasing  the 
friction  on  the  crank  pin,  and  consequently  reduc- 
ing the  brake  horse  power.  When  the  moment  of 
ignition  occurs  too  latct  the  mean  effective  pres- 
sure is  reduced,  and  conseauently  the  brake  horse 
power  also. 

The,  highest  ^dency  is  obtained  by  adjusting 
the  point  of  ignition  to  suit  the  amount  of  com- 

Eression,  and  the  speed  of  the  engine.  As  an 
Lterval  of  timet  no  matter  how  short,  must  elapse 
between  the  moment  of  ignition  and  the  moment 
of  maximum  pressure  in  order  to  prevent  the 
delivery  of  a  dead  blow  on  the  piston,  the  moment 
of  ignition  should  occur  immediately  after  the 
crank  passes  its  inner  dead  center  at  the  end  of 
the  compression  stroke. 

Points  of  Compass. — ^The  32  points  or 
rhumbs  into  which  the  compass  card  of  the 
mariner's  compass  is  divided,  correspond- 
ing to  supposed  divisions  of  the  horizon,  of 
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which  North,  South,  East  and  West  are 
called  the  cardinal  points. 

Points  of  JAghtnhkg  Rods.— Tips  of 
copper  forming  the  upper  extremity  of 
lightning  rods. 

Polar. — 1.  Pertaining  to  magnetic  poles. 

2.  In  geometry,  proceeding  from  a  fixed 
point  of  radiation. 

3.  In  geography,  of  or  pertaining  to 
either  of  the  poles  of  the  earth;  whether  the 
geographical  or  magnetic  poles. 

Polar  Bore. — ^The  hollow  space  between 
the  pole  pieces  of  a  dynamo  within  which 
the  armature  rotates. 

Polar  Duplex  Telefpraphy. — A  differ- 
ential duplex  svstem  of  telegraphy,  employ- 
ing a  potarized  relay  at  the  receiving  sta- 
tion operated  by  signals  given  by  reversing 
the  current  in  the  circuit  by  means  of  a 
pole  changer  at  the  sending  station. 

PoUkriseope. — An  optical  instrument  for 
examining  substances  in  polarized  light; 
it  is  employed  to  identify  minerals,  pre- 
cious stones,  or  to  investigate  rock  struc- 
tures. 

Polarity. — 1,  The  property  of  having  op- 
posite pK)les,  or  of  havmg  physical  proper- 
ties in  opposition  or  contrast. 

2.  The  possession  of  magnetic  poles. 

3.  The  quality  or  property  of  a  magnet- 
izable body  of  being  attracted  by  one  pole 
and  repelled  within  the  other,  when  brought 
within  a  magnetic  field. 

Polarity  Indicator. — Any  device  for  in- 
dicating the  presence  and  direction  of 
magnetic  flux,  also  called  pole  indiccUor. 

Polarity    of    Electromagnets.  —  If    a 

wire  be  wound  around  a  magnet  in  a  right 
handed  helix,  the  end  at  which  the  current 
flows  into  the  helix  is  the  south  pole.  If 
the  wire  be  wound  around  an  ordinary 
screw^  and  the  current  flows  around  the 
helix  m  the  direction  from  the  head  of  the 
screw  to  the  point,  the  head  of  the  screw  is 
the  south  pole. 

Polarisation. — 1.  In  a  primary  ceU,  the 
effect  of  increasing  the  internal  resistance 
and  diminishing  the  current  strength,  pro- 
duced by  the  accumulation  of  hydrogen 

bubbles  on  the  negative  plate. 

2.  The  condition  of  a  dielectric  when  sub- 
jected to  the  strain  of ^  two  adjacent  opposite 
chaises  of  electricity,  as  in  a  condenser. 


8.  In  an  Hedrotule  undeigoing  decomposition, 
the  arrangement  of  the  molecules  by  the  electric 
cormit  so  that  all  the  positive  poles  face  the  nee- 
ative  plate  and  all  the  negative  poles  face  the 
positive  plate. 

4.  In  a  magnet,  tiie  state  of  its  molecules  when 
pennanent  magnetism  haa  been  aoquix«d;  nMV 
fuHe  polaritatian. 

Polarisation  Current. — In  electro-thera- 
peutics, a  constant  current  which  produces 
a  oonaition  of  electrotonus  in  a  nerve 
through  which  it  passes. 

Polarisation  Fanlt  Current. — A  coun- 
ter current  set  up  at  a  break  in  a  sub- 
marine cable  by  tne  action  of  a  testing  or 
other  current. 

Polarisation  of  Armature. — ^The  result 
of  the  rotation  of  a  dynamo  armatiu^  is  to 
produce  a  number  of  reactions  between  its 
windings  and  the  magnetic  field,  with  the 
result  that  the  armature  itself  becomes  a 
magneti  being  constantly  polarized  at  cer- 
tain definite  points  in  its  path  of  rotation. 

According  to  the  accepted  rule  of  ma^etic 
induction,  the  tendency  is  to  produce  poles  m  the 
armature  at  right  angles  to  the  lines  ol  force,  but 
since  the  neutral  points,  theoretically  situated  on 
the  same  diameter,  are  points  of  contact  between 
the  brushes  and  the  commutator,  where  the  cur- 
rent leaves  and  re-enters  the  winding  of  the  arma- 
ture, it  will  be  found  that  the  armature  is  really 
transformed  into  two  separate  adjacent  magnets, 
having  two  north  and  two  south  poles,  on  either 
side  of  the  diameter  of  oommutation.  These 
double  poles,  practically  opera tin([^  as  a. single 
pole,  at  the  two  eztronities  of  the  given  diameter, 
act  to  produce  the  ^^reat  distortion  of  the  lines  oi 
magnetic  forces  which  follow  the  rotation  of  the 
armature. 

Polarisation  of  Dry  Cells. — ^The  genera- 
tion of  current  in  diy  cells  produces  a  con- 
dition known  as  ''polarization/'  or  the 
collection  of  hydro^^en  on  the  electrode 
attached  to  the  positive  lead  wire.  This 
condition  may  be  remedied,  that  is,  the 
cell  may  be  "depolarised."  only  by  leaving  it  for 
a  perioa  on  open  circuit,  or  disconnected.  A  po- 
larised cell  wul  show  a  low  current  register  on  the 
ammeter,  but  may  be  restored  more  or  leas  after 
resting. 

Polarisation  of  Liffht. — ^The  effect  pro- 
duced upon  a  ray  of  light  when  reflected 
from  a  surface  or  transmitted  through  cer- 
tain crystalline  media,  such  that  its  vibra- 
tions exhibit  different  properties  in  dif- 
ferent directions  at  right  angles  to  the 
direction  of  propagation. 

Polarisation  Photometer. — A  photom- 
eter in  which  the  light  of  the  more  intense 
of  the  two  sources  under  comparison  is 
polarized. 
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Polarised  Anniiaeiator. — ^An  annunci- 
ator, or  indicator,  operated  by  an  electro- 
magnet having  a  permanently  magnetized 
armature. 

Polarised  Armatiiro. — ^A  steel  armature 
for  an  electromagnet  in  a  polarized  tele- 
graephic  relay,  being  itself  a  permanent 
magnet,  or  having  its  magnetism  main- 
tained by  a  permanent  magnet. 

Polarised  Call  Bell.— An  electric  bell 
operated  by  an  electromagnet  having  a 
polarized,  or  permanently  magnetized  ar- 
mature. 

Polarised  CelL — ^A  primary  cell  which  has 
become  inactive  from  polarization. 

Polarised  Ink  Writer. — ^In  telegraphy, 
an  ink  recording  instrument  operated  by  an 
electromagnet  having  a  permanently  mag- 
netized armature. 

Polarised  Radiation. — The  effect,  simi- 
lar to  the  polarization  of  light,  produced 
upon  heat  and  other  radiations  oy  reflec- 
tion and  refraction. 

Polarised  Relay. — ^In  telegraphy,  a  relay 
provided  with  a  permanently  magnetized 
steel  armature  which  responds  at  a  distant 
station  to  the  action  of  a  pole  changer  at  the 
home  station,  being  attracted  by  the 
electromagnet  when  the  current  flows  in 
one  direction,  and  repelled  when  the  cur- 
rent is  reversed;  a  polar  relay. 

Polarised  Sonnder. — ^In  telegraphy,  a 
sounder  operated  by  an  electromagnet  nav- 
ing  a  permanently  magnetized  armature. 

Polarisins^    Speetro-photometer.  —  A 

spectro-photometer  provided  with  a  polari- 
scope. 

Polar  Pitch. — In  a  dynamo  or  motor,  the 
armature  circumference  divided  by  the 
number  of  poles. 

Polar   Surfaces. — ^The  surfaces  ci   the 

goles  of  a  magnet  about  which  magnetic 
elds  exist. 

Polar  Zone. — In  electro-therapeutics,  the 
parts  of  a  patient's  body  in  the  immediate 
region  of  the  electrodes  applied  to  it. 

Pole  Armatnre. — ^An  armature  carrying 
its  windings  upon  projecting  poles  arranged 


radially  upon  its  surface,  or  extending  in- 
wards from  a  circular  frame. 

Pole  Bands. — ^Metal  bands  encircling  tele- 
graph poles  for  the  attachment  of  guys. 

Pole  Changer. — In  duplex  telegraphy,  a 
transmitter  which  sends  signals  by  revers- 
ing the  direction  of  the  current  in  the  cir- 
cuit; a  reverser  or  poU  changing  key, 

Pole  ChanjBriny  Switch. — A  switch  for 
reversing  the  direction  of  the  current  in  a 
circuit. 

Pole  Clamps. — ^Metal  clamps  for  attaching 
span  wires  to  a  pole. 

Pole  Clearance.  —  In  a  generator  or 
motor,  the  distance  between  tne  tips  of  the 
pole  pieces  of  adjacent  field  magnets. 

Pole  Climbers. — A  device  consisting  of 
spurs  properly  supported  and  braced  for 
attachment  to  a  uneman's  shoes  to  assist 
him  in  climbing  a  pole  supporting  tele- 
graph or  other  electric  wires. 

Pole  Counter. — ^A  tally  register  for  coimt- 
ing  poles  in  a  telegrapn  or  other  pole  line 
system. 

Pole  Chiards. — Strips  of  galvanized  steel, 
and  strong  steel  butt  plates  for  protecting 
wooden  poles  on  city  streets  against  the 
gnawing  of  horses  and  the  wear  of  colliding 
wagon  hubs. 

Pole  Guy. — ^A  rod.  wire,  or  other  appliance 
for  stiffening  a  telegrapn  pole. 

Pole  Hood. — In  overhead  cable  construc- 
tion, a  sheet  iron  cover  placed  over  a  pole 
top  terminal. 

Pole  Pieces. — The  steel  end  portions  of  a 
dynamo  or  motor  field  magnet,  which  are 
bored  out  so  as  to  form  the  armature  cham- 
ber within  which  the  armature  rotates;  also 
called  pole  shoes. 

Pole  Platform. — In  overhead  cable  con- 
struction, a  small  platform,  protected  by 
railings,  erected  upK)n  a  terminal  pole  below 
a  cable  box  to  afford  safe  standing  room  for 
workmen. 

Pole  Roof. — ^A  metal  cover  sometimes 
furnished  for  the  top  of  a  wooden  pole. 

Poles  of  Condenser. — ^The  terminals  of 
.    the  plates  in  a  condenser. 


Poles  of  Magnetic  VerticHy, 


336 


Polyphase  Inductor  AUemator, 


Poles  of  Maernetic  Vertleity.— -The 
magnetic  poles  of  the  earth;  being  points 
where  the  dipping  needle  would  stand 
vertical. 

Pole  Streim^tli. — ^In  magnetism,  the  force 

exerted  by  a  magnetic  pole  at  a  distance 

upon  another  magnet.  A  unit  magnetic 

pole  is  a  pole  of  such  strength  as  to  repel 

with  a  force  of  one  dyne  an  equal  and 

similar  pole  placed  at  a  distance  of  one 

centimeter  from  it. 

A  magnet's  pole  strength  can  be  estimated  by 
measuring  the  force  with  which  it  attracts  or 
repels  another  pole,  the  force  being  eaual  to  the 

Sroduct  of  the  two  polar  strengths.  If  M  represents 
tie  strength  of  one  pole  and  M^  the  struigth  of 
the  other  similarly  magnetised,  the  force  of  their 
repulsion  will  be  M  times  M*.  This  force  /  varies 
inversely  as  the  square  of  the  distance*  and  may 
be  expressed  by  the  following  formula: 

/-  MM' 

where  d  equals  the  distance  between  the  poles. 

Pole    Support    for    Are    Lamp. — An 

arrangement  for  supporting  an  arc  lamp 
upon  the  top  of  a  pole. 

Pole  Tips. — ^The  projecting  and  roimded 
edges  oi  the  pole  pieces  of  a  dynamo  field 
magnet,  usually  called  the  horns. 

Pole  Top  Terminal. — ^In  overhead  cable 
construction,  a  variety  of  cable  head  con- 
sisting of  a  circular  cast  iron  box  placed  at 
the  top  of  a  pole. 

Poling^. — 1.  Planks  temporarily  supported 
against  the  sides  of  excavations  to  prevent 
caving  in. 

2.  In  copper  refining,  an  operation  in 

which  a  large  pole  of  green  birch  or  oak  is 

thrust  down  to  the  bottom  of  the  furnace 
containing  the  molten  copper.  Violent  boiling 
ensues*^  consequent  on  tkke  liberation  of  oxygen 
from  dissolved  oxides  of  copper.  Freauent  assays 
are  taken,  and  when  the  specimen  snows  bv  its 
long  silky  fracture  that  the  poling  process  has  been 
sufficiently  prolonged,  the  copper  is  ladled  off. 

3.  In  mming,  a  method  used  to  support  the 
roof  of  a  tunnel  which  is  being  driven  through 
unstable  formation.  Long  narrow  boardst  laths, 
or  poletf  rest  at  a  slight  inclination  on  the  top  oi 
two  trestle  like  frames,  the  sise  of  the  excavation. 
As  the  work  progresses,  the  boaxxis  are  driven 
forward,  thus  keeping  pace  with  the  pick,  and 
when  projecting  sufficiently  far,  a  fresh  frame  is 
erected  to  support  the  hanging  end,  the  process 
being  continually  repeated. 

Poliaop  Boards. — In  civil  engineering,  the 
boards  or  planks  used  as  lining  for  a  trench, 
to  retain  the  earth  during  excavation. 
Vertical  boards  are  employed,  being  re- 
tained in  place  by  longitudinal  wUing 
pieces,  whicn  in  tiun  are  stayed  from  one 


side  to  the  other  by  atrtUa.  Poling  boards  are 
i^ut  3  feet  long,  from  seven  to  nine  inches  wide, 
by  1^  inches  thick.  They  are  driven  down  and 
fresh  ones  added  as  the  trench  proceeds  down- 
wards. 

Polishing  Bob. — ^A  rapidly  rotating  disc 
carrying  emery  powder  upon  its  periphery, 
for  polishing  metal  objects  preparatory  to 
electroplating. 

Polishing^  Mop. — ^A  rapidly  rotating  disc 
of  soft  material,  for  polishing  metal  sur- 
faces preparatory  to  electroplating. 

Polyplutse. — Having  more  than  one  phase, 
or  period  of  alternation;  mvUiphase. 

Polyplutse  Alternator. — ^A  dynamo 
generating  polyphase  alternating  currents; 
a  polyphase  generator;  a  mtiUiphtiser  or 
polyphaser. 

Polyphase  Armature. — ^An  armature  so 
wound  and  connected  up  as  to  produce 
polyphase  currents. 

Polyphase  Armatare  Winding^. — 

Metnods  of  combining  groups  of  coils,  such 
as  the  star  grouping  and  mesh  grouping,  in 
order  to  produce  polyphase  currents. 

Polyphase  Asynehroaoiis  Kotor. — ^An 

asynchronous  induction  motor  driven  by 
pol3rphase  currents;  a  muUiphase  induction 
motor, 

Poljrphase  Choking^  CoiL — A  choking 
coil  introduced  into  a  polyphase  system. 

Polyphase  Circuits. — ^The  circuits  in  a 
polyphase  system. 

Polyphase  Correats. — Groups  of  alter- 
nating currents  which  differ  in  phase  in  a 
fixed  proportion.  If  two  separate  sets  of 
coils  be  placed  on  the  armature  of  an  alter- 
nator, one  a  little  in  advance  of  the  other, 
two  alternate  currents  of  equal  strength 
and  frequen<nr  are  obtained.  These  may  be  made 
to  differ  in  phase  in  any  desired  decree  oy  chang- 
ing the  positions  of  the  two  sets  of  coils.  There 
are  several  ways  of  combining  the  circuits  which 
receive  the  currents  of  the  various  phases.  For 
instance*  the  windings  may  be  divided  into  four 
separate  coils,  each  having  one  end  joined  to  a 
common  junction,  and  the  four  outer  ends  joined 
to  four  line  wires. 

Polyphase  Dynamo  or  Generator. — 

An  alternator  that  i)roduces  currents  dif- 
fering symmetrically  in  phase;  a  polyphaser. 

Polyphase  Indnetor  Alternator. — ^An 

inductor  d3mamo  generating  polyphase 
alternating  currents. 
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Polyphase  Motor. — ^A  motor  driven  by 
polyphase  currents;  a  multiphase  motor. 

Polyphase     Retary     Converter.  —  A 

rotary  converter  transforming  polyphase 
into  direct  currents,  or  direct  mto  poly- 
phase. 

Polyphase  Switchboard. — A  switch- 
board in  a  polyphase  system. 

Polyphase    Synchronous    Motor. — A 

synchronous  motor  driven  by  polyphase 
currents. 

Polyphase  System. — A  system  of  electric 
conductors  distributing  two  or  more  single 
phase  alternating  currents  succeeding  one 
another  in  a  definite  relation,  and  dif- 
fering in  phase  in  a  fixed  proportion;  two 
phase  ana  three  phase  systems  are  usually 
employed.    Also  called  polycydic  system. 

Polyphase  Transformer. — ^A  trans- 
former employed  in  a  polyphase  system. 

Polyphase  Working^. — ^The  operation  of 
a  polyphase  system. 

Polyphote  Lamp. — ^An  arc  lamp  placed  in 
series  with  others  on  the  same  cuxuit,  hav- 
ing the  regulating  mechanism  in  parallel 
with  the  carbons  and  arc. 

Poncelet. — ^A  xmit  of  activity  equal  to  100 
kilogrammeters  per  second;  it  derives  its 
name  from  Poncelet,  a  French  mathemati- 
cian. 

Pondermotlve  Force. — ^The  force  exerted 
between  two  neighboring  conductors  of 
electricity,  tending  to  move  the  conductors 
bodily. 

Pony  Insulator. — A  small  variety  of  line 
wire  glass  insulator. 

Pony  Relay. — A  tsrpe  of  telegraph  relay. 

Poppet  Valves. — ^The  inlet  and  exhaust 
ports  of  a  gas  engine  of  the  four  cycle  type 
are  usually  open^  and  closed  by  poppet  or 
mushroom  valves.  These  consist  of  metal 
discs,  beveled  around  one  face,  so  as  to  fit 
into  a  countersink  in  the  port  opening,  and 
carried  upon  stCTns  or  spindles. 

The  exhaust  valve  \b  always  operated  mech- 
anically from  a  cam-ehaft;  the  inlet  valve  may  be 
operated  similarly,  or  may  be  opened  by  suction 
created  by  the  outward  movement  of  tne  piston. 

Poppet  valves  are  also  in  use  on  small  steam 
engines  using  superheated  steam. 


Porcelain. — In  electric  practice,  porcelain 
is  employed  for  hi^  voltage  insulation 
because  of  its  high  insulating  properties. 
Porcelain  is  composed  of  flint,  feldspar, 
kaolin  or  china  clay,  and  ball  cla^r;  chemi- 
cally considered  it  is  a  double  silicate  of 
sodium  or  potassium  and  aluminum.  It  is  homo- 
geneous, f^ving  uniform  distribution  to  electrical 
strains,  is  practically  waterproof,  has  great 
mechanical  strength,  can  be  molded  into  various 
shapes,  does  not  deteriorate  and  will  stand  sudden 
and  extreme  temperature  changes.  Porcelain  is 
well  suited  for  spark-plug  insulation,  since  it 
possesses  a  very  high  resistance  both  to  heat  and 
to  the  electric  current. 

The  brittleness  of  porcelain  is  the  worst  objec- 
tion to  its  use.  Lower  qualities  of  porcelain  are, 
of  course,  much  more  easily  broken,  and  thereby 
produce  short-circuithig  under  ordinaiy  conditions 
of  temperature  and  electrical  tension.  Many  plu^ 
using  porcelain  insulation  have  the  porcelain  m 
two  or  more  parts,  so  as  to  avoid  the  troubles 
arising  from  uneven  temperatures.  Heat  is  liable 
to  break  a  single  long  porcelain. 

Poreelain  Insulator. — A  line  wire  insu- 
lator made  of  glazed  porcelaiu  instead  of 
glass,  largely  used  in  England  and  Europe 
because,  though  more  costly,  it  does  not 
condense  moisture  from  the  air. 

Porcelain  Wire  Tube. — An  insulating 
tube  of  porcelain  for  canying  an  electric 
conductor  through  a  wall. 

Porous. — Having  interstices  or  pores  be- 
tween its  molecules,  as  unglazea  earthen- 
ware. 

Porous  Cell. — A  two  fluid  voltaic  cell  con- 
taining a  cup  of  porous  material  which 
separates  the  two  solutions  sufficiently  to 
retard  polarization  without  interfering 
with  the  passage  of  the  current;  the  DanieU 
cell  is  an  example  of  porous  cell. 

Porous  Cup. — A  vessel  of  unglazed  earth- 
enware employed  in  a  two  fluid  voltaic  cell 
to  separate  the  solutions  sufficiently  to 
prevent  polarization.  Also  called  porous 
jar. 

Porous  Insulation. — Insulation  effected 
by  a  porous  non-conducting  material. 

Porret's  Phenomenon. — An  enlargement 
of  animal  nerve  flbre  which  takes  place 
when  the  positive  pole  of  an  electric  circuit 
traversing  the  body  is  applied  to  it. 

Port. — ^In  steam  engineering,  an  opening  or 
passageway  through  a  cock,  or  valve;  a 
passage  whereby  steam  or  other  fluid  may 
enter  or  leave  a  cylinder. 

Portable  Electrometer. — ^A  convenient 
type  of  movable  electrometer. 
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Portable  I^niting^  Device. — 1.  A  port- 
able device  for  exploding  a  mine  or  blast. 
2.  An  electric  gas  lifter  suitable  for 
carrying  about. 

Portable  Tachometer. — A  speed  indi- 
cator conveniently  adapted  to  being  trans- 
ferred from  one  shaft  to  another  as  occa- 
sion requires. 

Portative^  Force    of    Blanet. — The 

pK)wer  which  a  magnet  has  S.  carrying  a 
weight  by  the  force  of  attraction;  the  trac- 
tive force,  or  lifting  power  of  a  magnet. 

Porteleetrie  System.— A  system  of  carry- 
ing parcels  by  electricity  designed  for  mail 
transportation  and  similar  purposes,  in 
which  a  car  is  attracted  through  a  succes- 
sion of  hollow  coils  of  copper  wire  placed 
close  together,  by  automatically  supplying 
electric  current  to  the  coil  immediately  in 
advance  of  the  car  as  it  progresses;  a 
tachyphore. 

Portland  Cement. — A  calcined  compound 
of  chalk  and  clay,  subsequently  ground  to 
fine  pK)wder.  It  possesses  the  valuable  pro- 
perty of  hardening  under  water. 

Port  Openin^f. — In  a  steam  engine,  the 
distance  the  steam  edge  of  the  valve  moves 
past  the  steam  edge  of  the  port  during 
admission;  sometimes  greater  than  the 
port  width. 

Portrait*  Electric. — A  portrait,  or  other 
picture,  produced  wpon  a  sheet  of  paper  by 
an  electric  discharge  sent  through  an  over- 
laying sheet  of  gold  leaf  containing  the 
design. 

Position  Finder. — An  electric  apparatus 
employed  especially  in  sea  coast  defenses,  in 
locating  the  enem3^'s  ships  so  that  the  guns 
may  be  worked  with  correct  direction  and 
elevation. 

Positive    Brushes    of  Djrnamo. — The 

commutator  brushes  which  connect  with 
the  positive  terminal  of  a  dynamo. 

Positive  Brushes  of  Motor. — The  com- 
mutator brushes  which  connect  with  the 
positive  terminal  of  the  generator  driving 
the  motor. 

Positive  Bns  Bar.— The  bus  bar  which  is 
connected  with  the  positive  terminals  of  a 
group  of  dynamos. 


Positive  Carbon. — In  a  continuous  cur- 
rent arc  lamp,  the  upper  carbon  rod  from 
which  the  current  flows  across  the  arc  to 
the  lower,  or  negative  carbon. 

Positive  Char|^. — ^A  charge  of  so  called 
vitreous  electricitv,  or  that  developed  by 
rubbing  glass  with  silk. 

Positive  Conductor. — A  conducted  lead- 
ing from  the  positive  terminal  of  a  dynamo 
or  other  source  of  electricity. 

Positive  Convection  of  Heat. — A  di- 
rection, corresponding  to  that  of  the  elec- 
tric currents,  followed  by  heat  in  passing 
through  an  unequally  heated  conductor. 

Positive  Current. — In  needle  telegraphy, 
a  current  which  causes  a  deflection  of  the 
needle  to  the  right. 

Positive  Direction. — ^The  direction  in 
which  electrostatic,  magnetic,  and  electro- 
magnetic lines  of  force  are  assumed  to  move 
from  a  positive  to  a  negative  pole. 

Positive  Direction  Around  a  Circuit. 

— Regarded  from  the  positive  side  of  a  cir- 
cuit, a  counter  docktvise  direction. 

Positive  Direction  Thronfph  a  Circuit. 

— ^The  direction  of  the  current  being  rep 
resented  by  the  direction  in  which  a  cork- 
screw enters  a  cork,  the  positive  direction 
of  the  lines  of  force  through  the  circuit  will 
be  that  in  which  the  handle  of  the  screw 
turns. 

Positive  Electric  Fluid. — According  to 
an  early  theorv  of  electricity^  known  as  the 
double  fluid  theory,  that  "imponderable" 
fluid  which  is  the  cause  of  positive  elec- 
tricity. 

Positive  Electricity.— The  kind  of  elec- 
tricity developed  by  rubbing  glass  with 
silk;  vitreous  electncity.  This  term  ex- 
presses the  condition  of  the  point  of  an 
electrified  body  having  the  higher  energy 
from 'Which  it  flows  to  a  lower  level,  just 
88  a  current  of  steam  ia  impelled  through  pipes  by 
the  ^Derating  pressure  at  the  steam  boiler.  The 
Bign  which  denotes  this  phase  of  electric  excite- 
ment is  H~ ;  all  eleotrioity  is  either  positive,  or,  — , 
negative. 

Positive  Electrification.  —  A  positive 
charge. 
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Positive  Electrode. — 1.  In  a  primary  cell, 
the  zinc  plate,  or  anode,  is  the  fjonUve 
dedrode,  while  the  pole  of  this  electrode  is 
the  negative  pole,  because  it  is  negative  in 
relation  to  the  external  circuit. 

2.  In  a  Biongfi  odU  tb«  peroxide  plate  which 
18  the  cathode  during  discbaiset  is  called  the 
pontive  electrode,  and  its  pole  the  poeitive  pole. 

3.  In  eleotropLatinc,  the  anode  or  the  metal 
plate  thiough  which  toe  currant  entexs  the  aolu 
tion. 

Positive  Element  of  Voltaic  Cell. — 

The  positive  electrode,  the  plate  from  which 
the  current  passes  to  the  negative  plate; 
the  zinc  plate  or  anode. 

Positive  Feeders. — ^The  conductors  lead- 
ing from  positive  mains  to  the  positive  ter- 
minals of  a  dynamo. 

Positive  Omnibus  Bar. — A  positive  hue 
bar. 

Positive  Phase  of  Electrotonns. — An 

efiect  of  increasing  the  electromotive  force 
in  a  nerve,  produced  when  a  current  is 
passed  through  the  nerve  in  the  same  direc- 
tion as  the  nerve  current. 

Positive  Plate  of  Prlaubry  CelL— The 
positive  element  in  a  primary  or  voltaic  cell. 

Positive  Plate  of  Storai^e  CelL— The 

{)late  which  is  converted  into  peroxide  of 
ead,  to  which  the  current  flows  from  the 
negative  plate  in  the  process  of  discharg- 
ing; it  is  usually  of  a  brownish  color. 

Positive  Pole. — 1.  The  north  seeking  or 
plus  (4-)  pole  of  a  magnet. 

2.  The  terminal  of  an  electric  generator 
out  of  which  the  current  is  assum^  to  pass 
into  the  external  circuit. 

3.  The  pole  of  an  electro-receptive  de- 
vice connected  with  the  positive  pole  of  a 
source. 

Positive  PotentlaL  —  In  general,  the 
higher  potential  which  causes  Tines  of  force 
to  flow  towards  a  lower,  or  negative  poten- 
tial. 

Positive  Rotation. — Left  handed  or 
counter  clockwise  rotation.  A  rotary  mo- 
tion in  a  direction  opposite  to  the  move- 
ment of  the  hands  of  a  clock  as  seen  when 
one  reads  the  time.  A  right  to  left  rota- 
tion. 

Positive  Side  of  Circuit.— The  side  of  a 
circuit  opposite  to  the  negative  side,  such 
that^  when  a  current  is  considered  as  flow- 
ing m  a  circle  about  an  observer  who  has 
his  head  in  the  poeitive  region,  the  current 


would  ai>pear  to  flow  from  his  right  to- 
wards ms  left,  with  counter  dockwiae 
rotation. 

Positive  Simple  Harmonic  Kotion. — 

Simple  harmonic  motion  partaking  of  a 
right  to  left,  or  counter  dockwiee  direction. 

Positive  Spark. — A  spark  produced  by 
positive  electrification. 

Positive  Terminal. — 1.  In  a  primary  cell, 
the  terminal  of  the  negative  plate. 

2.  The  positive  pole  of  a  generator  or 
electro-receptive  device. 

Positive  Wire. — 1.    A  conductor  leading 
to  the  positive  pole  of  a  generator. 
2.  A  wire  having  a  positive  potential. 

Positivelj'  Excited.— Charged  with  posi- 
tive electricity,  as  when  glass  is  rubbed 
with  silk. 

Post  Ottce. — A  designation  for  the  types 
of  electrical  apparatus  employed  by  the 
British  Post  Office  in  its  telegraph  system. 

Post  Ottce  Brldsre. — A  resistance  box, 
being  a  box  form  of  Wheatstone  bridge,  as 
employed  by  the  British  telegraph  depart- 
ment. 

Potash  Brash. — A  brush  for  cleaning 
metal  surfaces  by  applying  a  caustic,  pre- 
paratory to  dectropuUing. 

Potassium. — A  bright,  silvery  white  metal, 
of  a  specific  gravity  of  .875,  melting  at  155^ 
Fahr.  It  oxidizes  very  readily,  so  has  to 
be  kept  submerged  in  naphtha,  which  con- 
tains no  oxvgen.  Being  lighter  than  water, 
it  floats  when  thrown  into  that  liquid,  at 
the  tame  time  deoompoeing  it,  forming  potassium 
hydrate,  mad  liberatiiig  part  of  the  hydrogen  of 
the  water.  The  chemical  action  Is  so  violent, 
that  this  escaping  hydrogen  ignites,  burning  with 
a  lavender  colored  flame. 

Potassium  Bichromate. — ^A  red  crystal- 
line solid,  soluble  in  water,  poisonous. 
When  mixed  with  sulphuric  acia  it  is  used 
as  a  depolarizer  in  primary  cells  of  the 
Poggendorff  type  requiring  a  liquid  depo- 
larizer, such  as  the  Grenet  and  Fuller  cells. 

Potassium  Carbonate.~Potash.    It  is 

found  in  commerce  in  gravish-white,  bluish 
and  yellowish  pieces.  When  pure  it  is  in 
the  form  of  white  powder  or  m  small  pel- 
lets. Being  very  deliquescent,  it  has  to  be 
kept  in  closed  vessels.  In  electroplating  it 
serves  as  an  addition  to  some  baths,  and  in 
its  impure  state  is  used  for  freeing  objects 
from  grease. 
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Potasslam  Chlorate.— A  white  solid 
cryBtalline  substance,  soluble  in  water.  It 
is  used  as  an  oxidizing  agent,  in  testing  for 

Soisons,  in  the  preparation  of  aniline  black 
ye,  in  fireworks  for  matches,  etc.    It  may 
u  P*"??^^  by  the  electrolysis  of  potassiimi 
chloride  solutions,  using  a  copper  or  iron 
cathode  and  a  platinum  anode. 

PotMsinm  Cyanide.— A  white  crystalline 
solid,  very  soluble  in  water,  very  poisonous. 
It  is  a  powerful  reducing  agent,  so  that 
when  heated  with  metallic  oxides  it  re- 
duces many  of  them,  and  hence  is  used  in 
blowpipe  analysis.  Its  aqueous  solution 
dusolves  platinum  and  its  dilute  aqueous  solution 
with  access  of  air  dissolves  gold.  It  is  used  in 
preparing  the  solutions  used  in  electroplating  sil- 
ver and  gold,  as  it  dissolves  many  cyanides  which 
ftre  insoluble  in  water. 

Potassium  Hydrate.— Caustic  potash. 
Foiind  in  commerce  in  various  degrees  of 
purity  either  in  sticks  or  cakes.  Pure 
caustic  potash  is  used  in  electroplating  as 
an  addition  to  zinc  and  gold  baths,  and  the 
impure  commercial  article  is  used  to  free 
objects  from  grease. 

Potassium  Nitrate.- Also  called  saltpeter 
and  niter.  A  white  solid  crystalline  sub- 
stance, very  soluble  in  water,  occurring 
naturally  in  rich  soils  and  in  spring  and 
river  waters.  It  is  made  on  a  large  scale 
by  the  double  decomposition  between 
potassium  chloride  and  sodium  nitrate.  It  is 
used  m  the  preparation  of  explosives,  as  a  food 
preservative,  in  electroplating  as  a  desilvering 
pickle,  and  for  producing  a  matt  luster  upon  gold 
and  gilding. 

Potassium  Sulphide.— Forms  a  hard 
greenish  yellow  to  pale  brown  mass  with 
conchoidal  fracture.  It  readily  absorbs 
moisture  which  causes  it  to  deliquesce  and 
smell  of  sulphuretted  hydrogen.  It  is  em- 
ployed in  electroplating  for  coloring  cop- 
per and  silver  black. 

Potential  Difference.— The  difference  of 
electric  potential  or  pressure  in  a  circuit 
which  creates  the  electromotive  force.  It  is 
this  force  that  causes  a  current  to  flow  from 
•a  point  in  a  circuit  which  has  higher  poten- 
tial to  another  that  has  lower  potential,  and 
is  equal  to  the  amount  of  work  which  must  be 
done  on  a  positive  unit  of  electricity  to  bring  it 
from  one  point  to  the  other.  It  is  measured  in  a 
unit  called  the  voU. 

Potential  Dynamometer. — ^An  electro- 
dynamometer  suitable  for  determining  dif- 
ferences of  potential. 

Potential,  Electric— The  power  poa- 
sessed  by  a  charge  of  electricity  for  doing 


work;  such  that  when  a  difference  of  poten- 
tial is  occasioned  in  the  same  conducting 
body,  an  electric  current  flows  from  the 
higher  to  the  lower  potential. 

Potential  Energy. — Energy,  or  power  for 
doing  work,  in  reserve;  latent,  or  static 
energy,  as  distinguished  from  kinetic 
energy.  Potential  or  static  energy  ia  a 
capacitor  for  doing  work  due  to  advantage 
of  position  or  other  cause. 

Potential  Gradient. — ^A  line  tracing  the 
rate  at  which  electric  potential  falls  in  a 
circuit. 

Potential  Indicator. — ^An  instrument  for 
indicating  a  difference  of  electrical  poten- 
tial; as,  a  voltmeter. 

Potential  of  Conductors. — ^The  elec- 
trical condition  of  a  conductor  which  deter- 
mines the  direction  of  the  flow  of  a  current 
of  electricity  in  that  conductor. 

Potential  Re|gn;ilator. — In  an  alternating 
current  circmt,  a  form  of  stationary  in- 
duction apparatus  having  one  coil  in  shimt 
and  the  otner  in  series  with  the  circuit,  so 
arranged  that  the  ratio  of  transformation 
between  them  is  variable  at  will.  Poten- 
tial regulators  are  of  three  types:  (1)  com- 
pensator, (2)  induction,  and  (3)  magneto 
potential  regulators. 

Potentiometer. — An  arrangement  of  care- 
fully standardized  resistances  for  measur- 
ing voltages  in  comparison  with  a  standard 
cell.  It  is  used  for  accurate  measurement 
of  currents,  voltages  and  resistances. 

Potentiometer  Voltmeter.— A  voltmeter 
made  upon  the  principle  of  a  potentiometer. 

Potentiometer  Wire. — A  graduated  wire 
like  that  of  a  meter  bridge,  employed  in  a 
potentiometer,  so  that  at  any  point  along 
the  wire  any  proportional  part  of  the  whole 
electromotive  force  may  be  taken  for  com- 
parison. 

Pot  Head  Terminal. — In  undergroimd 
construction  a  method  of  terminating  the 
lead  armor.  The  pot  head  is  solder^  to 
the  lead  covering  and  is  filled  with  pitch. 
The  pot  head  serves  to  localize  stray  cur- 
rents that  might  prove  disasterous  to  the 
cable,  and  by  thoroughly  unrounding  the  lead 
covering  these  stray  currents  are  effectively 
dissipated. 

Pot  Valve. — A  safety  valve  shaped  like  an 
inverted  pot.    It  is  a  lift  valve  and  the  coni- 
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cal  pivot  of  the  lever  drops  loosely  into  a 
recess  in  the  crown  of  the  pot.  The  advan- 
tage claimed  is  that  such  valves  being  in  a 
condition  of  unstable  equilibrium,  are  less 
liable  to  Btick  than  the  ordinary  form.  The 
MSk  of  the  valve  is  controlled  and  maintain- 
ed by  a  guide,  cast  on  the  top  of  the  seating. 


• — ^A  British  unit  of  force,  equal  to 
t^  force  which  acting  for  a  second  upon  a 
mass  weighing  one  pound  causes  it  to  ac- 
quire a  velocity  of  one  foot  in  a  second.  It 
is^aual  to  the  weight  of  a  pound  mass 
diviaed  by  the  acceleration  of  gravity;  that 
is,  13,825  dynes  or  about  half  an  ounce. 

Pound  Calorie. — ^The  quantity  of  heat  re- 
quired to  raise  the  temperature  of  one 
poimd  of  water  one  degree  C.  One  pound 
calorie  =  1 .8  B.  T.  U.  =  .4536  calorie. 

Pound  of  Steam. — ^A  pound  of  water 
which  has  been  converted  into  steam. 
After  such  a  change  (i.  e.,  water  into  steam, 
or  tiie  reverse),  the  weight  approximately 
remains  the  samq 

Pounds  per  Mile  Ohm. — ^The  weight  in 
pounds  of  a  conductor  a  mile  long  and  of 
such  uniform  cross  section  as  to  offer  a 
resistance  of  one  ohm;  a  standard  employed 
in  conductivity  tests  of  telegraph  and  tele- 
phone wires. 

Powdered  Coml. — Goal  that  has  been 
broken  or  ground  into  minute  fragments. 
Used  as  fuel  in  the  rotary  kilns  in  which 
Portland  cement  is  clinkered,  as  firing  for 
various  brickmaking  processes,  and  as  part 
of  the  composition  of  certain  porous  tiles 
and  bricks,  the  coal  burning  out  as  the 
articles  are  fired,  leaving  them  in  a  spongy 
or  porous  state. 

Poirder  Transmitter. — ^A  form  of  tele- 
phone transmitter  employing  granulated 
carbon  as  the  varying  resistance  mediimi;  a 
carbon  dust  transmitter. 

Poorer. — ^The  rate  at  which  work  is  done; 
that  is,  work  divided  by  the  time  in  which 
it  is  done.  The  most  common  unit  of 
power  is  the  horse  power,  or  33,000  foot 
pounds  per  minute. 

Power  Absorbed  in  Circuits. — In  an^ 

part  of  a  circuit,  the  pK)wer  expended  is 
TOoportional  to  the  resistance  of  that  part. 
Hence,  the  resistance  of  circuits  must  be 
kept  low.  To  accomplish  this  copper  of 
hi^  conductivity  must  be  used,  but  the 


size  of  the  wire,  on  account  of  the  high  price  of 
the  metal,  must  be  small.  The  tranamiBBion  of 
current  to  anv  considerable  distance  is  not  eco- 
nomical, if  the  reduction  of  waste  is  obtained 
merely  by  increasing  the  conductivity  of  the 
leads.  To  transmit  electrical  eneisy  economic- 
ally to  distant  points,  the  current  must  be  com- 
paratively small,  traversing  a  tUn  wire,  and  the 
electric  pressure  high. 

Power  Cable. — An  electric  .cable  used  in 
the  distribution  of  electric  power. 

Power  Calculations. — ^To  compute  the 
horse  power  required  to  raise  a  gjiven 
quantity  of  water  to  a  certain  height, 
multiply  the  gallons  per  minute  by  8.35, 
and  tnis  product  by  the  height  in  feet;  the 
result  will  be  the  work  done  m  foot  pounds. 
To  reduce  this  to  horse  power  per  minute,  divide 
by  33.000.  Usually,  an  allowance  of  60  per  cent, 
is  made  for  friction  and  other  loss. 

To  estimate  the  electrical  eneny  required  to 
deliver  an  electric  load,  multiply  the  amperes  by 
the  voltage,  the  product  will  be  the  total  number 
of  watts.  An  electrical  horse  power  is  746  watts, 
therefore,  divide  the  total  number  of  watts  by  746 
and  the  result  will  be  the  electrical  horse  power. 
To  ascertain  the  brake  hoise  power  of  an  engine 
when  direct  connected  to  generator,  multiply  the 
amperes  by  the  voltage  and  divide  by  660;  the 
result  will  oe  the  approximate  brake  hoise  power 
of  the  engine.  If  the  engine  is  of  the  belted  type, 
divide  the  total  number  of  watts  by  550  instead 
of  660.  In  computing  the  horse  power  it  is  cus- 
tomary to  allow  ten  16  candle  power  lights  to  the 
hone  power.  A  16  candle  power  light  is  equal  to 
55  waits. 

Power  Circuits. — ^Electric  circuits  con- 
cerned with  the  distribution  of  electric 
power. 

Power  Curve. — ^In  a  diagram  of  alter- 
nating current  curves,  a  curve  produced  by 
multiplying  the  amplitudes  of  the  electro- 
motive force  and  the  current;  the  volt 
ampere  curve  or  curve  of  watts. 

Poorer  Cylinder. — In  the  controller  of  an 
electric  street  car  the  main  cylinder  pro- 
vided with  contacts  for  appljring  the  power, 
as  distinguished  from  the  reversing  cylinder. 

Power,  Electric. — ^A  rate  of  doing  work 
produced  by  electricity  in  motion;  the 
activity  of  electric  energy  measured  in 
watts  or  kilowatts;  its  imit  is  the  watt. 

Power  Factor* — ^In  alternating  current 
circuits,  the  ratio  of  the  electric  power  in 
watts  to  the  apparent  power  in  volt  amperes. 

Power  Factor  of  Transformer. — The 

ratio  of  the  true  watts  to  the  apparent 
watts  acted  upon  by  a  transformer. 

Power  Generator. — Constantly  driven 
generators  employed  in  telephone  exchang- 
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es  for  ringmg  purposee,  in  order  to  save  the 
operators  the  necessity  of  turning  a  crank 
to  ring  a  bell  whenever  a  subscriber  is 
wanted. 

Power  House. — A  building  specially  con- 
structed to  accommodate  tne  electric  plant 
concerned  in  the  generation  and  distribu- 
tion of  electric  power.  Radiating  from 
the  power  house  are  distributing  leads 
consisting  of  feeders  leading  into  a  network 
of  wires  wniob  run  from  house  to  house.  Supply 
systems  are  classified  aooording  to  the  pressure; 
m(1)  low  voltage,  100  to  300  volts,  (2)  kioh  voUaoe, 
300  to  3000  volts,  and  (3)  extra  high  voUaoe,  over 
3000  volts.  Continuous  ouirents  are  generally 
used  on  the  low  vottage  systems  and  alternating 
currents  with  high  pressure  systems,  transformers 
being  used  to  lower  the  pressure  at  the  oonsumers* 
houses. 

Power  la  Alternating    Clreoit.— The 

product  of  the  corresponding  instantaneous 
current  and  pressure  multiplied  by  the 
cosine  of  the  angle  of  lag. 

Power  Meter. — ^A  term  sometimes  applied 
to  a  uxUtmeter,  an  instrument  for  measuring 
directlv  in  watts  the  electric  power  ex- 
pended in  a  circuit. 

Poorer  Lift. — ^A  platform  or  cage  working 
in  suitable  guides,  and  operated  by  electric 
or  other  power,  used  to  raise  or  lower 
weighty  articles;  an  elevator  used  for  trans- 
porting goods  rather  than  passengers. 

Poorer  Station. — ^The  central  point  where 
power  is  generated,  and  whence  it  is  dis- 
tributed to  desired  locaUties. 

Power  Stroke. — In  the  cycle  of  operation 
of  an  internal  combustion  en^e,  the  stroke 
during  which  the  combustion  of  the  fuel 
mixture  occurs,  as  distinguished  from  the 
n<m-potoer  strokes  of  the  cycle.  A  power 
stroke  occurs  once  in  every  revolution  of 
a  two  cycle  engine,  and  once  in  every  two 
revolutions  for  a  four  cycle  engine. 

Poorer  SiritchboarcL — A  remote  control 
switchboard  operated  by  mechanical  means 
instead  of  by  hand,  usually  electricity  is 
employed  for  the  purpose,  though  a  few 
installations  have  used  compressed  air. 

Power  Transmission. — 1.  As  applied  to 
electric  engineering,  power  transmission  is 
the  transmission  of  electric  current  from  a 
more  or  less  distant  point  or  station  to  a 
center  from  which  the  power  is  distributed, 
or  to  power  motors  at  aifferent  points  in  an 
installation.  Long  distance  trsnsmisBion  is  ao- 
ocmplished  by  high  tension  altematinK  currents 


distributed  by  the  three  phase  three  wire  system 
and  the  two  phase  four  wire  system,  the  former 
being  used  for  greatest  distances  to  economise 
copper. 

2.  Distribution  of  power  from  central  plants  to 
a  number  of  more  or  less  scattered  points,  thus 
securing  the  economy  consequent  upon  large  and 
compact  units,  which  may  be  situated  advan- 
tageously near  sources  of  water  power,  coal  mines, 
etc.  The  chief  methods  of  transmission  are  wire 
rope  for  short  distances,  Aydrauitc,  pnetmuUie  or 
eUetrie  power  for  longer,  each  plan  having  special 
advantages  for  certain  purposes. 

Poorer  Unit. — A  term  sometimes  appUed 
to  the  watt.  It  is  equal  to  one  loule  of 
electric  energy  expended  per  second,  and  is 
the  rate  at  which  work  is  done  when  one 
ampere  flows  through  a  resistance  of  one 
ohm.  The  practical  unit  of  electric  power 
for  convenience  is  the  kilowatt  which  is 
equal  to  one  thousand  watts. 

Poorer  Wire. — In  the  monocyclic  alter- 
nating current  system,  the  third  wire  em- 
ployed as  an  auxiliary  and  for  starting  the 
motor. 

P.  P.  D. — Abbreviation  for  primary  poten- 
tial difference. 

Practieal  Daniell  Cell. — An  inexpensive 
and  easily  made  form  of  Daniell  cell  con- 
sists of  a  U-shaped  tube  with  a  little  cotton 
pushed  down  to  the  botton  of  the  bend  to 
form  the  porous  partition.  A  saturated 
solution  of  sulphate  of  copper  is  put  into 
one  leg  of  the  tube  and  a  solution  of  sulphate  of 
sine  in  the  other.  The  positive  plate  consists  of 
a  rod  of  chemically  pure  sine  and  the  negative 
plate  is  a  rod  of  pure  copper.  These  rods  are  in- 
serted through  corks  whicn  are  placed  in  the  tube 
ends.  Such  a  cell  can  be  put  together  in  a  few 
minutes  and  gives  a  reliable  standard  of  eleetio- 
motive  force,  good  enough  for  ordinary  work,  the 
current,  however,  is  small  compared  to  the  usual 
form  of  Daniell  celL 

Practical  Solenoid.  —  A  solenoid  em- 
ployed in  actual  practice,  as  distinguished 
from  an  ideal  solenoid. 

Practical  Unit  of  Current. — ^The  am- 
pere. It  is  that  value  of  current  which  will 
cause  the  electrolytic  deposition  of  silver  at 
the  rate  of  0.001118  grams  per  second.  It 
is  the  rate  of  flow  of  an  electric  current 
carrying  one  coulomb  per  second. 

Practical  Unit  of  Electromotive 

Force.— The  voU.  It  is  the  E.  M.  F.  that 
will  cause  a  current  of  one  ampere  to  flow 
in  a  conductor  through  a  resistance  of  one 
ohm. 

Practical  Unit  of  Inductance. — ^The 
henry.    An  inductance  of  one  henry  exists 
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in  a  circuit  when  a  current  changing  at  a 
rate  of  one  ampere  per  second  induces  an 
electromotive  force  of  one  volt  in  the  cir- 
cuit. 

Practieal  Unit  of  Mafipietomoiive 
Foree. — A  value  e<)uivalent  to  one-tenth 
of  the  absolute  xmit  of  magnetomotive 
force. 

Practieal  Unit  of  Resistanee.— The 
ohm.  It  is  the  resistance  of  a  colimm  of 
mercury  106.3  cm.  long,  of  uniform  cross- 
section,,  and  weighing  14.4521  grams  at 
(f  C.  A  conductor  has  a  resistance  of  one 
ohm  when  it  requires  one  volt  pressure  to 
send  throu£^  it  a  current  of  one  ampere. 

Praetieal  Units. — Units  of  electrical 
measurement  based  upon  the  absolute 
Centimeter  Gram  Second  units,  but  more 
convenient  for  practical  use. 

Preamble. — ^The  introductory  matter  in  a 
telegraphic  message  consistmg  of  service 
details,  as  distinguished  from  the  message 
proper. 

Preeipitate. — A  substance  which,  having 
been  dissolved,  is  again  separated  from  its 
solvent,  and  thrown  to  the  bottom  of  the 
vessel,  by  pouring  in  another  liquor. 

Predpitation. — The  act  of  throwing  down; 
specifically,  the  deposition,  as  sediment,  of 
any  substance  dissolved  in  an  acid  solution 
on  the  addition  of  an  alkaline  reagent. 

Preeeov   Sir    William    Henry.  —  Bom 

1834.  An  English  electrical  engineer,  dis- 
tinguished for  his  contributions  to  electrical 
science,  especially  in  tdegraphy. 

Prefix. — ^A  code  signal  preceding  a  tele- 
graphic message  in  order  to  signify  the 
special  character  of  the  message. 

Pre-i^nition. — In  gas  engine  ignition,  a 
term  used  to  denote  that  the  fuel  mixture 
is  ignited  befor^e  the  time  of  the  spark,  and 
has  no  connection  with  the  stroke  or  crank 
position  at  the  time  of  the  ignition. 

Prepayment  Meter. — ^An  instrument  for 
regulating,  measuring  and  indicating  elec- 
trical supply,  especially  in  residences  of 
imcertain  tenancy,  such  as  tenements.  A 
designated  coin  deposited  in  the  slot  will 

permit  a  certain  amoimt  of  current  supply 
to  pass.  The  prepayment  meter  requires  elab- 
orate meohanbm  to  respond  when  the  proper 
coin  is  deposited,  and  to  be  proof  asainst  tam- 
pering. 


Preservation  of  Timber. — Best  effected 
by  using  well  seasoned  timber  and  keeping 
it  well  ventilated.  Large  posts  should  be 
bored  longitudinally,  with  a  transverse  hole 
at  top  and  bottom,  while  a  space  should  be 
left  around  all  built  into  masonry.  All 
woodwork  in  contact  with  outside  masoniy, 
should  have  the  back  painted  and  no  chance 
allowed  for  lodgment  of  moisture.  Posts  to  be 
put  in  the  ground  should  be  dipped  in  coal  tar,  or 
else  have  t£e  buried  parte  charred.  Timber  kept 
constantly  submexged  will  keep  indefinitely,  but 
all  exposed  to  intermittent  wetting  should  be 
creosoted.  Of  artificial  processes,  creoaoting^  as 
described  for  railway  sleeperS:  is  admitted  to  be 
equal  to  any,  and  better  than  others  as  regards 
bafiling  the  teredo. 

Press  Block. — ^In  armature  winding,  a  pair 
of  blocks  shaped  to  fit  into  each  other  so  as 
to  give  a  final  form  to  a  form  wound  coil 
when  pressed  between  them. 

Press  Bntton. — ^A  push  button;  a  spring 
contact  to  close  the  circuit  in  operating  an 
electric  bell. 

Pressed  SteeL — Steel  plate  bent  or  pressed 
by  means  of  dies  into  channel  or  other  sec- 
tional forms,  giving  great  strength  with  a 
minimum  weight  of  metal. 

Pressel. — A  push  button  contact  set  in  a 
pear  shaped  nandle  at  the  end  of  a  flexible 
cord,  for  conveniently  ringing  a  bell  or 
lighting  an  electric  lamp. 

Press  Message. — A  telegraphic  message 
designed  for  a  newspaper;  a  despatch  for 
the  daily  press. 

Presspahn. — A  name  sometimes  given  to 
fvUerhoard,  a  useful  material  for  insulating 
armature  slots.  It  is  mechanically  tough 
and  has  high  disruptive  strength. 

Pressure. — ^The  action  of  a  force  against 
some  obstacle  or  opposing  force. 

Pressnre,  Electric. — ^The  potential  differ- 
ence, or  difference  of  electric  potential  in 
a  circuit  creates  an  electric  pressure  or 
electromotive  force  through  the  circuit.  If 
one  point  in  a  circuit  is  of  a  higher  poten- 
tial than  another,  a  current  of  electricity 
will  flow  from  the  higher  to  the  lower  potential, 
just  as  pressure  will  cause  water  to  run  from 
a  higher  to  a  lower  level,  or  a  pressure  of  steam 
will  force  a  current  of  stoam  through  an  opening. 
Electric  preesure  is  generally  known  as  electro- 
motive force  (E.  M.  F.)  or  more  commonly  as  voUage. 

Pressure  Gaa§^. — ^A  dial  instrument  for 
registering  the  pressure  of  a  fluid  or  liouid 
confined  within  a  pipe  or  chamber.    The 
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usual  pattern  operates  b^  the  tendency  of  a 
bent  oval  tube  to  straighten  itself  under 
pressure.  Mercurial  columns  are  used  for 
aoeuiate  measuTements  or  for  toBtins  mechanical 
gauges.  Inverted  syphons  containing  oil  or  water 
are  used  to  measure  air  pressures,  such  instru- 
ments being  often  known  as  pieasomHerB. 

Pressure  Indicator. — ^An  accurate  form 
of  voltmeter  whose  index  stands  at  zero 
when  the  pressure  in  the  circuit  is  normal, 
used  especially  in  electric  light  plants  to 
show  any  deviation  from  the  exact  pressure 
required  for  an  incandescent  system. 

Pressure  PaaeL — In  a  central  power 
station,  a  switchboard  panel  provided  with 
a  device  for  indicating  the  mean  electric 
pressure  of  that  station. 

Pressure  Wires. — ^Light  copper  wires  tap- 
ping an  imdergroimd  main  at  points  where 
the  feeders  join  the  mains,  and  running  to 
the  central  station  to  indicate  the  pressure 
supplied  at  those  points. 

Prevention  of  Smoke. — ^This  necessaiy 
sanitary  and  economic  precaution  is  ef- 
fected usually  by  one  of  tnree  broad  meth- 
ods: (1)  the  use  of  smokeless  fuel;  such  as 
gas,  anthracite  coal,  etc.;  (2)  careful  and 
systematic  firing,  generally  effected  by 
means  of  mechanical  stokers;  (3)  burning  the 
products  of  combustion  before  lettini;  them  pass 
mto  the  atmosphere,  either  in  subsidiary  furnaces, 
or  by  special  arranfl^ements  of  the  fireplaces,  gas 
passages,  and  the  like. 

Priekinff. — A  method  of  locating  a  wire  in 
a  cable  oy  pricking  through  the  insulation 
with  a  brad  awl  connected  in  circuit  with  a 
groimded  battery. 

Primary  Admittance. — Admittance  in 
the  primary  coil  of  a  transformer,  or  in  the 
primary  of  an  induction  coil. 

Primary  Ampere  Turns. — ^The  ampere 
tiu*ns  in  the  primary  coil  of  a  transformer  or 
induction  coil. 

Primary  Battery. — 1.  A  group  of  pri- 
mary cells  connected  together  in  order  to 
act  as  a  single  electric  source. 

2.  In  gas  engine  ignition,  a  primary 
battery  generally  consists  of  between  four 
and  six  open-circuit  dry  cells  in  series, 
giving  a  pressure  of  between  1  and  Ih  volts  per 
cell.  Two  such  batteries  are  generally  included 
in  ihe  outfit,  either  of  them  being  switched  into 
circuit,  as  required,  or  both  being  connected  in 
multiple,  to  give  a  greater  current  at  the  same 
voltage  In  manv  cases  the  chemical  battery  is 
used  onty  for  sparking  at  the  start  of  the  entwine, 
and  until  the  magneto  or  dynamo  has  attained 
sufficient  speed  for  continuous  effect,  being  then 


automatically  switched  out  of  drouit.  It  is  nec- 
essary to  use  the  open  oirouit  t^^pe  of  celL  sinoe 
the  current  must  be  periodically  mtemipted. 


CelL — ^A  device  for  transforming 
chemical  action  into  electric  current. 
Volta  discovered  that  an  electromotive 
force  mav  be  created  between  two  dis- 
similar substances  through  chemical  action 
set  up  by  a  solution  in  which  they  are  im- 
mersed. This  discovery  led  to  the  construction 
of  the  primary  cell,  long  known  as  the  voltaic  cell. 
The  cell  consists  essentially  of  two  plates  of 
different  substances  standing  apart  in  a  jar  con- 
taining a  solution  which  attacks  one  and  not  the 
other.     By  joining  the  outside  terminals  of  the 

folates  by  a  conducting  wire,  a  current  will  flow 
rom  one  to  the  other  so  long  as  the  chonical 
action  or  ^ectrolyns  continues  through  the  solu- 
tion. The  solution  is  known  as  the  electrolvte,  and 
the  two  pUtes,  the  eUctrodn.  This  type  of  cell  is 
called  pritnaru  to  dtotlngHish  it  from  tne  secondary 
or  storage  ceU. 

Primary  Cloek. — In  a  system  of  electric 
time  keeping,  the  nuister  dock  which  con- 
trols the  movements  of  a  series  of  secondary 
clocks  at  different  points  in  its  circuit. 

Primary  Coil. — 1.  In  a  transformer,  a  coil 
usually  consisting  of  many  turns  of  in- 
sulated copper  wire  which  receives  the  al- 
ternating current  at  high  pressure  for 
transformation  into  a  large  current  at  low 
pressure. 

2.  In  an  induction  coH,  the  coil  in  which  the 
original  current  acts  inductively  upon  the  second- 
ary; the  primary,  as  distinguidied  from  the 
secondary. 

Primary  Current. — 1.  The  current  in  the 
primary  of  a  transformer. 

2.  A  current  in  the  circuit  of  a  primary 
or  voltaic  battery. 

Primary  Cut  Out* — ^A  safety  cut  out  in- 
cluded in  the  circuit  of  the  primary  coil  of 
a  transformer. 

Primary  Electric  Heater. — In  an  elec- 
tric heating  system,  the  principal  heater. 

Primary  Electromotive  Force. — ^The 
electromotive  force  in  the  circuit  of  the 
primary  of  a  transformer. 

Primary  Fuse  Box. — A  fuse  box  included 
in  the  circuit  of  the  primary  coil  of  a  trans- 
former. 

Primary  Impedance. — ^The  impedance 
existing  in  the  circuit  of  a  primary  coil. 

Primary    of    Induction    Motor. — The 

field  coils  of  an  induction  motor;  usually 
the  fixed  part,  or  stalor. 
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Primarjr  Plate* — ^The  disc  or  plate  of  a 
condenser  that  receives  the  positive 
charge  which  acts  inductively  across  the 
dielectric  upon  the  secondary  plate. 

Primary  Powers. — ^These  are:  1,  water 
power;  2,  wind  power;  3,  tide  jjower;  4,  the 
power  of  combustion;  5,  the  power  of  vital 
action. 

Primary  Source  of  Li^ht. — ^A  luminous 
source  which  radiates  luminous  energy  as 
the  result  of  high  temperature  originating 
within  itself. 

Primary  Spark.— An  electrical  ignition 
device  for  explosion  engines,  which  receives 
electricity  from  a  primary  battery  instead 
of  from  accumulators  or  small  dynamos. 

Prime  Conductor. — ^In  the  cylinder  elec- 
trical machine,  an  elongated  metal  cylinder, 
with  rounded  ends,  supported  upon  a  gdass 
stand,  having  one  ena  provided  with  a 
metallic  comb,  and  the  other  with  a  rod 
terminating  in  a  brass  knob.  The  prime 
conductor  coUecta  the  charve  an  follows:  The  cbaive 
on  the  rotor  acts  inductiveor  on  the  Ions  insulated 
conductor,  repelling  a  plus  charge  to  the  far  end 
and  leaving  the  nearer  end  negatively  chaiged. 
A  negativebr  electrified  wind  is  emitted  by  the 
row  of  points  towards  the  positive  charge  upon 
the  rotor,  which  is  thereby  neutralised. 

Prime  Flux  Density. — ^The  ntunber  of 
magnetic  lines  that  run  through  unit  area 
of  cross  section  of  a  substance  magnetized 
by  a  prime  magnetic  flux. 

Prime  Kajpietle  FIuz. — ^The  total  lines 
of  magnetic  force  in  a  magnetic  circuit  due 
to  a  direct  magnetizing  force,  as  distin- 
guished from  magnetic  induction. 

Prime  Blaipietomotlve^  Force. — ^The 
magnetizing  force  producing  prime  mag- 
netic flux  in  a  magnetic  circuit. 

Prime  Kover. — An  apparatus  or  mecha- 
nism whereby  motion  and  force  are  re- 
ceived directly /ram  some  natural  source  of 
ener^,  and  transmitted  into  some  form  of 
motion  by  means  of  which  the  power  may 
be  conveniently  applied.  The  sources  of 
eneigy  are:  muscular  energy,  as  the, power  exerted 
by  men  and  animals*  the  man  or  animal  constitut- 
ing the  prime  mover;  gravity,  exemplified  in  the 
driving  of  a  clock,  by  the  falling  of  its  weights,  or 
in  the  operation  of  a  water  wheel  by  the  weight  of 
falling  water:  motion  of  fluids,  as  in  a  windmill: 
heat*  as  in  a  steam  engine  and  boiler,  whereby  the 
heat  of  the  fuel  is  converted  into  the  motion  of 
the  crank  shaft:  chemical  eneigy,  as  in  the  firing 
of  a  gun,  or  the  generation  of  electricity  in  a 
primaiy  battery. 


Principal  Circuit. — ^A  main  circuit,  as 
distinguished  from  a  derived  or  branch 
circuit. 

Principal  Corrent. — ^The  current  flowing 
through  a  main  or  principal  circuit. 

Printings  Teleg^raph. — An  automatic  tele- 
graphic machine  wnich  prints  the  message, 
as  it  is  received,  upon  an  uncoiling  tape  or 
strip  of  paper.  The  Morse  alphabet  or 
common  Roman  type  is  employed. 

Priam. — 1.  A  transparent  body  with,  usu- 
ally, three  rectangular  plane  faces  or  sides, 
and  two  equal  and  parallel  triangular  ends 
or  bases;  used  in  experiments  on  refraction, 
dispersion,  etc.  Prisms  of  different  forms 
are  often  named  from  the  figure  of  their 
bases;  as  a  triangular  piiam,  a  quadrangular 
prism*  a  rhombic  prisnu 

2.  In  optics,  etc,  a  pi«oe  of  transparent  re- 
fracting material  in  the  form  of  a  prism,  usual^ 
with  three  equal  rectangular  faces  and  of  tn- 
angular  cross  section. 

Prismatic  Compaee. — A  form  of  compass 
used  in  surveying,  provided  with  a  metal 
frame  and  a  stretched  horse  hair  for  a  sight 
vane,  opposite  which  is  a  right  angled 
prism  witn  an  eye  hole  and  slit. 

Private  Line. — ^A  telephone  line  connect- 
ing a  central  station  with  a  single  sub- 
scriber, or  a  subscriber  with  only  one  other, 
as  distinguished  from  a  party  line. 

Probe»  Electric. — ^A  surgical  instrument 
for  locating  a  bullet  or  other  metallic  mat- 
ter in  the  human  body  by  closing  an  elec- 
tric circuit  when  the  probe  makes  contact 
with  the  foreign  substance. 

Producer  Oae. — ^A  mixture  of  combus- 
tible gases,  which  is  prepared  by  the  com- 
bustion of  fuel  apart  from  the  furnace  to 
be  heated.  The  gases  after  nassing  from 
the  gas  producer  furnace,  are  neatedf  in  re- 
generators; they  mingle  and  bum  on  their 
furnace  hearth  with  atmospheric  air  similar- 
ly heated.  Producer  gas  is  prepared  from  in- 
ferior fuel,  but  chiefly  from  bituminous  coal. 

Product  a  of  Combustion. — In  steam 
engineering,  the  combustible  parts  of  coal 
are  hydrogen,  carbon  and  sulphur;  and  the 
unbumable  parts  are  nitrogen,  water;  and 

Prognosis^  Electric — Tn  deetro-thera" 
peutics,  a  forecasting  of  the  probable  out- 
come of  a  disease,  after  a  diagnosis  by  the 
application  of  electricity  to  the  body. 
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the  incombustible  solid  matters  such  as 

ashes  and  cinder.  In  the  operation  of 
firiniE  under  a  boiler  the  first  three  elementa  are 
totally  oonsumed  and  form  heat;  the  nitroKea  and 
water  m  the  form  of  steam,  escape  to  the  flue, 
and  the  ashes  and  cinders  fall  under  the  crates. 

"Progreuuion  of  Kapnetio  Fields — ^The 
progress  of  the  magnetic  poles  along  the 
laoe  of  a  multipolar  stator  of  a  polyphase 
motor. 

Prejectlii|p  Power  of  llMiiet.— The 
power  which  a  magnet  has  of  projecting 
lines  of  force  beyond  its  poles. 

Prejeetion  Armatiire. — ^A  slotted  arma- 
ture having  recesses  of  sufl&cient  depth  to 
leave  projections  upon  its  surface  arter  all 
the  wmdingB  are  laid  on. 

Projector,  Electric* — ^A  searchlight^  or 
lantern  containing  a  focusing  aro  lamp. 

Projection  Lamp. — ^A  focusing  arc  lamp 
provided  with  a  mechanism  such  that  the 
carbons  are  fed  towards  each  other  as  they 
wear  away  so  as  always  to  maintain  the  arc 
at  the  exact  focus  of  the  reflector  which 
projects  the  light.  Projector  lamps  are 
used  for  searcUights  in  tiieaters,  and  for 
photo-engraving  purposes. 

Prony  Brake. — A  form  of  dynamometer 
for  computing  the  power  delivered  by  a  re- 
volving shaftj  consisting  essentially  of  a 
clamping  device  applied  to  a  pulley  fixed 
to  the  shaft,  and  a  lever  ana  weight  for 
obtaining  the  required  data  for  the  com- 
putation. 

The  delivered  or  brake  hone  power  is  calculated 
from  the  following  formula: 


H.P.= 


2xRNW 


33,000 
in  which 

W=unbalanced  w^ght  in  pounds*  aotinc  on 
lever  arm  at  distance  R: 

R=lencth  of  lever  arm  in  feet  from  centre  of 
■haft; 

N= number  of  revolutions  per  minute. 

H.  P.= horse  power 

Soft  woods  are  preferred  to  hard  woods  for 
brake  blocks.  The  rubbing  suxface  should  be  well 
lubricated  with  a  heavy  grease. 

Proof  Plane. — A  small  metal  disc  with  an 
insulated  handle,  used  to  collect  electricity 
by  contact  with  a  charged  body,  for  pur- 
poses of  testing  or  experimenting. 

Propeller. — That  which  transmits  the 
pK)wer  of  the  engine  to  the  water;  gener- 
ally speaking,  the  screw  propeller,  which 


is  a  spirally  vaned  wheel  whose  rotation 

displaces  the  water,  consequently  driving 

the  vessel  along. 

In  automobilest  a  fan  resembling  a  screw  pro- 
pdler  in  appearanoct  which  induces  a  draught 
through  the  radiator  which  cools  the  circulatmg 
water;  in  air  cooled  enjKines  the  fan  drives  air  over 
the  cylinders  to  maintain  them  at  a  moderate 
temperature*  instead  of  using  water  circulation 
for  that  purpose. 

PropelUniP  Dra^* — ^A  retarding  force  in 
a  generator  which  acts  in  a  direction  that 
opposes  the  rotation,  and  is,  in  fact,  a 
counterforce  or  reaction  against  the  driv- 
ing force.  In  a  motor  the  drag  is  the  driv- 
ing force,  and  produces  the  rotation. 

Proporiioiial  Coils*— In  electrical  meas- 
urement, resistance  coils  of  known  resist- 
ances, usually  in  tens,  hundreds  or  thou- 
sands of  ohms,  connected  in  a  box  in  such 
a  way  as  to  form  a  bridge,  as  in  the  **  dial" 
and  "post^ffice"  patterns  of  Wheat- 
stone's  bridge. 

Proportionate  Arms. — In  electrical 
measurement,  the  arms  of  known  redst- 
anoe  of  a  Wheatstone  bridge;  the  ratio  amu, 

PropnleioB*  Electrie* — The  use  of  elec- 
tricity as  motive  power. 

Prostration*  Eleetrie* — Ph3r8ical  prostra- 
tion with  symptoms  resembling  those  of 
sunstroke,  sometimes  occasioned  by  too 
great  exposure  to  the  rays  of  an  intense  arc 
light.  The  skin  is  sometimes  affected  to 
such  a  degree  as  to  come  off  after  a  few 
days.  The  throat,  forehead  and  f aoe  suffer  pains, 
and  the  eyes  are  irritated.  These  effects  only 
follow  exposure  to  veiy  intense  sources  of  lighU 
or  for  veiy  long  times. 

Proteetinff  Battery. — A  battery  con- 
nected to  a  faulty  submarine  cable  for  the 
purpose  of  senoing  a  negative  current 
through  the  fault  to  prevent  corrosion 

Protection*  Electric*— The  use  of  light- 
ning arresters  for  the  protection  of  electric 
sjTstems  and  apparatus  from  injury  by 
lightning. 

Protection    of  Metals*    Electric^A 

method  of  preventing  the  corrosion  of  a 
metal,  as  the  copper  sheathing  of  a  ship's 
bottom,  by  placing  another  metal,  as  zino, 
in  connection  with  it,  so  that  the  zinc,  act- 
ing as  the  positive  element  of  a  voltaic 
battery,  suffers  the  corrosion,  and  saves  the 
copper. 
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ProieetiTe  Rela^« — A  device  for  opening 
or  closing  a  circuit  and  protecting  it  from 
dangerous  conditions  such  as  overloads, 
short  circuits,  reversal  of  current,  etc. 
They  act  in  conjunction  with  automatic 
circuit  breakers  operating  when  the  pre- 
determined condition  has  occurred,  energis- 
ing the  trip  coils  of  the  breakers  and  open- 
ing the  circuit. 

Proteetive  Sheath. — A  sheet  of  copper, 
connected  to  ground,  introduced  between 
the  primary  and  secondary  coils  of  a  trans- 
former to  prevent  any  possible  electrical 
connection  oetween  the  two  windings. 

Protective  Throw. — ^The  protection  given 
to  metals  by  a  magnetic  field,  producing 
the  power  of  concentrating  lines  of  mag- 
netic force  while  exposed  to  chemical  ac- 
tion. 

Proteetor»  Eleetrie* — ^A  device  for  f;uard- 
in^  the  human  body  from  destructive  or 
injurious  electric  shocks.  In  one  system, 
Delanv's,  the  wrists  and  ankles  are  en- 
circled by  conducting  bands,  which,  by 
wires  nmning  along  the  arms,  back  and 
legs,  are  connected.  A  diacharae*  it  Ib  aMumed. 
received  by  the  hands  will  thus  be  short  cirouited 
around  the  body  and  its  vital  organs. 

ProtoplMun. — ^The  lowest  form  of  animal 
and  vegetable  life.  It  is  a  viscid  semi- 
transparent  substance  possessed  of  vital 
properties  forming  the  original  living  cell; 
also  called  bioplasm, 

Pmeeie  Aoid. — Hydrocyanic  acid.  An 
extremely  poisonous  acid.  It  exists  in 
nature  in  a  state  of  combination  in  certain 
vegetables  and  fruits,  especially  in  the 
kernels  of  stone  fruits,  sucn  as  plum,  apri- 
cot, almond,  cherrv,  etc.  In  electroplat- 
ing, it  is  emploved  in  the  preparation  of 
gold  immersion  baths,  and  for  the  decom- 
position of  the  potassa  in  old  silver  baths. 

Pablie  Snpplj'  Infltromente. — ^Meters 
for  recording  the  amount  of  electricity 
furnished  to  consumers. 

Puddle. — Clay,  mixed  with  water  to  form 
a  plastic  mass,  used  to  line  reservoirs, 
water  channels,  cofiferdams,  etc.,  where  an 
impervious  material  is  necessary. 

Puddling:. — ^The  process  by  which  wrought 
iron  is  manufactured  from  cast,  the  material 
being  known  as  forge  pig.  The  puddling 
furnace  is  of  the  reverfoeratory  type,  its 


hearth  having  a  cast  iron  bottom,  covered 
or  fetded  with  buU  dog  or  mill  scale.  The 
pig  is  fed  to  the  furnace  with  a  ohaiige  of  sla^ 
and,  as  it  melts,  the  slag  forms  a  surface  over  it 
preventing  oxidation;  while  molten,  the  caibon* 
silicon,  etc.,  are  absorbed  by  the  fettling,  this 
raises  the  melting  point,  and  the  iron  begms  to 
solidify  into  a  pastjr  mass.  At  this  point  it  is 
rabbled,  or  worked  with  iron  rods,  and  the  mass 
worked  about  to  bring  it  into  better  contact  with 
the  ferric  oxide  of  the  bed.  which  absoibs  more 
carbon.  The  iron  is  then  worked  into  hlooma  or 
balU,  a  sponcx  pas]^  mass,  and  removed  from  the 
furnace  to  the  MhinoUng  hammer,  where  the  slag 
is  beaten  out  of  it.  After  this  operation,  with  the 
same  original  heat,  it  ia  passed  through  the  rolls, 
forming  puddled  bar,  which  is  also  known*  from 
its  contamed  impurities,  as  muck  bar. 

PulL — An  electric  contact  maker  which 
closes  a  circuit  by  a  pull,  sometimes  used 
in  place  of  a  push  button;  a  pull  contact. 

Pulley. — One  of  the  mechanical  powers; 
consisting,  in  its  simplest  form,  of  a  grooved 
wheel,  called  a  sheave,  turning  within  a 
movable  frame  or  block  by  means  of  a  cord 
or  rope  attached  at  one  end  to  a  fixed  point. 
The  force  acting  on  the  free  end  of  the  rope 
is  thus  doubled,  but  can  move  the  load 
only  through  half  the  space  traversed  by 
itself. 

Pullinn:  Jack. — ^A  hydraulic  or  screw  jack 
having  the  reverse  motion  of  a  lifting  jack, 
as  its  power  is  empolyed  in  shortening 
itself  instead  of  an  extension  of  its  length: 
it  is  thus  applicable  for  the  purpose  of 
pulling  things  together. 

Poll  Over. — A  trolley  hanger  designed  to 
suspend  the  trolley  wire  in  proper  position 
ana  at  the  right  tension  in  making  a  curve; 
a  pull  off. 

Pulsating  Current. — ^A  current  equiva* 
lent  to  the  superposition  of  an  alternating 
current  upon  a  continuous  current;  a 
pulsatory  current, 

Pulsatilla  Wave.— In  periodically  vary- 
ing motion,  a  wave  in  which  one  half  has  a 
greater  value  than  the  other;  as  distin- 
guished from  an  alternating  wave  in  which 
the  positive  and  negative  values  are  equal. 

Puleatiout  Electrie. — A  throbbing  of 
electrical  flow,  due  to  a  pulsatory  electro- 
motive force. 

Pulsation  of  Reactance. — A  periodic 
variation  of  the  reactance  in  an  alternating 
current  circuit,  producing  higher  hannonics 
of  the  current  wave. 
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Pulsation  of  Resistanoe. — ^A  periodic 
variation  of  the  resistance  in  an  alternating 
current  circuit,  producing  higher  harmonics 
of  the  current  wave. 

Pulsatory  Current. — A  continuous  cur- 
rent, constant  in  direction,  but  peri6d- 
ically  varying  in  intensity  so  as  to  pro- 
gress in  a  series  of  throbbings  or  pulsa- 
tions, instead  of  with  uniform  strength. 

Pnlsatovy  Eleetromotive  Force. — ^An 

E.  M.  F.  subject  to  periodic  changes  in 
value,  so  as  to  produce  a  pulsatory  current. 

Pulsatory  Field. — An  electromagnetic 
field  producing  pulsatory  ciurents. 

Pulse*  Eleetrie* — A  throbbing  of  electric 
current. 

Pump. — ^A  hydraulic  machine,  variously 
constructed,  for  raising  or  transferring 
fluids,  consisting  essentially  of  a  moving 
piece  or  piston  working  in  a  hollow  cylinder 
or  other  cavity,  with  valves  properlv  placed 
for  admitting  or  retaining  tne  nuid  as  it  is 
drawn  or  driven  through  them  by  the  action  of 
the  pistons;  aSi  an  air  inimp,  a  rotary  pump,  or 
povDer  pump.  The  latter  is  often  dxiven  by 
electricity. 

Pumpinn^  En||^ine« — A  reciprocating 
stationary  engine  of  large  size,  designed  for 
pumping  water.  Such  engines  have  the 
steaaiest  load  of  any  land  engines,  and  are 
usually  fitted  with  every  refinement  to 
produce  efficiency. 

"Pumpixkff  of  Alternator. — ^A  pulsating 
action  m  an  alternator  intended  to  run  in 
step  with  another  in  parallel,  when  the 
synchronism  is  not  exact. 

Pumpin^^   of  ^  Eleetrie  ^  Lin^hts. — 1.    A 

rapidly  recurring  change  in  the  intensity  of 
the  light  of  incandescent  lamps  due  to 
faulty  action  of  the  dynamos. 

2.  In  arc  lamps,  an  active  rise  and  fall 
of  the  carbons,  producing  a  hissing  arc  and 
practically  no  hght  when  the  potential  dif- 
ference between  the  carbons  falls  below  40 
volts. 

Pump  Lon^  Conduit. — ^In  underground 
cable  laying,  a  cheap  and  simple  form  of 
conduit  composed  of  creosoted  wood  tubes. 

Pumps»  Electric. — Pumps  suitable  for 
many  services  are  built  to  be  driven  by 
electric  motors,  and  special  designs  have 
been  made  to  cover  tne  requirements  of 


hydraulic  elevator  service,  mine  service, 
water  works  supply,  irrigation  purposes, 
fire  protection,  or  in  short  any  service  where 
electric  motive  pow^r  can  be  used  to  advantage. 
The  |(reat  variety  in  .style  and  sise  of  these  pumps 
now  m  successful  use  assures  the  extension  and 
enlargement  of  the  application  of  electric  motors 
to  alTkinds  of  pumping  machinery. 


Punched  Clip  Switch. — A  clip  switch 
having  the  clips  punched  from  sheet  metal. 

Punching  Bei^r. — A  portable  press,  oper- 
ated either  by  screw  gear  or  a  small  hy- 
draulic ram,  u>r  punching  holes  in  erection 
or  other  field  work. 

Punning. — Packing  earth  tightly  about 
the  foot  of  a  newly  erected  telegraph  pole. 

Pupillary  Photometer. — ^A  form  of  pho- 
tometer which  compares  the  brilliancy  of 
lights  by  noting  the  degree  of  contraction 
produced  by  them  upon  the  pupil  of  the 
eye. 

Pupin,  Michael  Idvorsky. — Bom  1858, 
in  Hungary.  Electrician  and  inventor, 
noted  for  his  researches  in  electrical  re- 
sonance, electromagnetic  waves,  and  the 
magnetization  of  iron;  inventor  (18d9)  of  a 
system  of  telephony  in  which  self-induc- 
tion coils  are  introduced  at  intervals  along  the 
line,  so  that  the  vibrations  are  conveyed  to  great 
distances  without  loss  of  strength,  thereby  greatly 
extending  the  limits  of  long  distance  telephone 
work. 

Pure  Spectrum. — A  spectrum  of  light 
with  sharp  and  di.stinct  lines,  free  from  the 
blurring  commonly  seen  when  the  colors 
overlap. 

Push  Box. — ^A  box  containing  the  contacts 
and  springs  for  the  operation  of  a  push 
button. 

Push  Button. — ^A  contact  device  for  ring- 
ing an  electric  bell  and  for  similar  purposes, 
which  is  operated  by  pressing  a  button  to 
close  a  circuit.  The  button  is  applied  to  a 
spring  so  that  when  pushed  in  and  released 
it  springs  back;  thus  the  circuit  is  closed 
only  as  long  as  the  button  is  pressed. 

Push  Button  Lamp  Socket. — ^An  incan- 
descent lamp  socket  containing  a  push 
button  contact  for  lighting  and  extin- 
guishing the  lamp. 

Push  Button  Socket. — A  wall  socket 
fitted  with  a  push  button. 
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Pash  Batton  Switch. — ^A  small  switch 
operated  by  a  push  button  for  controlling 
one  or  more  incandescent  lamps. 

Pntlon^. — A  squared  scantling  used  to  sup- 
port the  boards  in  a  bricklayers'  scafifold- 
ing.  The  putlog  rests  with  one  end  in  a 
hole  in  the  wall  and  the  other  rests  upon 
the  ledgers  or  runners.  In  stonemasons' 
heavy  scaffolds,  there  are  no  putlog  holes, 
an  inner  scaffold  being  put  up  to  support 
the  wall  end  of  the  putlogs. 

Putloff  Hole. — ^An  aperture  formed  in  a 
wall  by  the  omission  of  a  header  brick.  It 
serves  to  receive  the  putlog  or  transverse 
support  of  the  scaffold  boards. 

Patty. — 1.  A  cement  used  by  painters  and 
glaziers  for  stopping  nail  holes  or  defects 
in  woodwork  or  iron  before  painting;  for 
securing  glass  in  window  frames,  etc.  It  is 
made  of  dry  whiting  (pure  chalk  ground  and 
washed)  mixed  with  raw  linseed  oil.  Putty 
used  in  hot  countries  should  have  a  little  cotton- 
seed oil  added  to  retard  the  drying,  and  for 
glazins  requires  the  addition  of  ten  per  cent, 
whitelead  to  increase  its  durability. 

2.  A  cement  used  by  engineers*  made  of  red 
lead  mixed  with  white  lead  and  linseed  oil;  especi- 
ally useful  for  joints  between  rough  surfaces;  as, 
on  boiler  mountings. 

3.  A  thin  mortar,  having  considerable  water 
added  to  it,  employed  by  plasterers. 

4.  A  paste  composed  of  lime  and  water,  used 
by  plasterers  and  builders. 

Pjknometer. — ^An  instrument  for  deter- 
mining the  specific  gravity  of  sohds,  con- 
sisting essentially  of  a  glass  bottle  with  a 
long  tubular  neck  combined  with  a  ther- 
mometer; a  specific  gravity  bottle, 

Pyi!*ite0. — A  mineral,  usually  whitish  or 
yellow  with  a  bright  luster;  any  one  of  the 
metallic  sulphides;  as,  of  iron  or  copper. 

Pjrro-eleetric  Crystal. — A  crystalline 
body  which  gives  electrical  effects  when 
unequally  heated  or  cooled. 

Pyro-electricity. — ^Electrical  charges  ex- 
hibited by  certain  crystalline  substances, 
especially  tourmaline,  in  the  process  of 
heating  or  cooling.  A  heated  crystal  of 
tourmaline  suspended  by  a  silk  fibre  may 
be  attracted  and  repelled  by  electrified 

bodies,  or  bv  a  second  heated  tourmaline  ciystal. 
If  a  crystal  be  broken  up,  each  fragment  is  found 
to  possess  also  an  analogous  and  an  antilogous 
pole.  Many  other  crystaJs  besides  tourmaline  are 
pyro-electric.  When  a  natural  hexagonal  prism 
oi  quarts  is  heated,  its  six  edges  are  lound  to  be 


positively  and  negatively  electrified  in  alternate 
order. 

PyroflrraTure. — ^Burning  a  design  upon 
wood  or  other  substance  with  a  tool  heated 
by  electricity. 


J-  — ^1 — TT^ ^^    DynaBio.  —  A    machine 

which  generates  electricity  from  heat  by 
the  operation  of  pyromagnetism;  thermo- 
magnetic  dynamo. 

Pyromapietie  Motor. — A  motor  oper- 
ated by  pyromagnetism  which  causes  an 
armature  to  be  attracted  and  released  by 
the  influence  of  heat  upon  its  magnetic 
properties. 

. — ^The  changes  produced 


in  the  magnetic  properties  of  a  substance, 
especially  nickel  ana  iron,  by  the  action  of 
heat;  thermo-magnetism. 

Pyrometer. — An  instrument  for  measuring 
degrees  of  heat  above  those  indicated  by 
the  mercurial  thermometer,  constructed 
usually  on  the  principle  of  registering,  or 
measuring,  by  means  of  multiplying  levers 
and  a  scale,  the  change  in  length  of  some 
expansible  substance,  as  a  metallic  rod 
when  exposed  to  the  heat  to  be  measured. 

Pyrometer*  Electric. — A  sensitive 
pyrometer  for  exact  measurements  utilizing 
tne  changes  in  electrical  resistance  of 
platinum  when  heated.  As  devised  by 
Chatelier  it  consists  of  two  pieces  of  wire 
of  but  slightly  different  composition,  which 
are  enclosed  in  a  long  tube  of  porcelain  or  fire 
cli^.  These  wires  are  platinum  and  an  alloy  of 
90  per  eent  platinum  and  10  per  cent  rhodium. 
The  action  of  heat  sets  up  electricity  in  the  wires, 
forming  a  thermocouple,  and  the  electric  current 
product  by  an  increase  in  temperature  ia  meas- 
ured by  a  galvanometer.  It  measures  readily 
and  aoearateIy»  temperatures  as  high  as  3,000** 
Fahr. 

When  a  pyrometer  is  used,  it  should  be  com- 
pared with  a  mercurial  thermometer  within  its 
range,  and  if  greater  accura<nr  is  desired  at  verv 
hi^  temperatures,  it  shoula  be  compared  with 
an  air  thermometer,  which  is  the  accepted  ulti* 
mate  standard  of  reference  in  all  high  tempera- 
ture measurements. 

Pyrometer*  Thermo-electric. — ^A  valu- 
able form  of  pyrometer  utilizing  the  meas- 
ure of  electromotive  forces  developed  by 
the  difference  in  temperature  of  two 
similar  thermo-electric  junctions  opposed  to 
each  other. 

Pyrometry. — ^The  branch  of  science  con- 
cerned with  the  measurement  of  heat. 


^.—Symbol  for  quKDtitjr  <rf 
electricity;  thenmpersAouror 
emdoTTib. 

q. — 1.  Symbol  for  electrofltfttie 


Quad. — 1.  In  telegraphy,  an  abbrevlaldoa 
for  quadraplex. 

2.  An  abbreviation  for  quadrant,  a  name 
sometimes  used  for  the  kenrt/. 

Qnadmflter, — A  term  Bometimea  used  for 
secohnuneter,  an  instrument  devised  by 
Ayrtoa  and  Perry  for  mesBuring  self-in- 
duction and  mutual  induction  in  an  elec- 
tric circuit. 


Qa»dr»nt. — 1.  A  name  used  at  o 


r  io» 


quadrant  of  the  earth's  surface. 

2.  The  quarter  of  a  circle  or  of  ite  cir- 
cumference; a  sector,  arc  or  angle  of  90°. 

3.  An  inBtrumsiit  for  meuurinc  the  Hltituda 
□f  the  sua.  conaistiag  ol  ■  aradusied  ftn  ot  »0^, 
vith  B  movable  fwliuB  for  meBaurinf  anclei  on  it 

Quadrmntal  Deviation. — A  deviatioa  or 
error  in  a  ship's  compass  due  to  the  induced 
magnetism  in  the  iroa  of  the  vessel  by  the 
action  of  the  earth's  horizontal  force,  it 
changes  sign  in  every  quadrant;  gtMKfranloI 

<^»drajit  EIaetrom»t«r. — A  form  of 
sensitive  electrometer  consisting  essentially 
of  two  pairs  of  metailie  quadrants,  above 
which  Bwings  a  needle  coDsisting  of  a  thin 
plate  of  aluminum.  The  quadrant  elec- 
trometer is  sometimes  made  very  sensitive 

very  dplii^nle  Inboiatory  uutmment.  It  li  vslu- 
able  for  mpaeuriny  differenen  of  polMkUil  whsTe 
no  current  u  flowmc  or  where  ounuit  it  undcBir 

Qna^nuit  Eleotroaoopa. — A  device  for 
indicating  the  electric  condition  of  a  con- 
ductor, consisting  of  a  wooden  standard 
carrying  a  graduated  quadrant  or  half 
circle,  in  the  center  ot  which  is  attached  an 
index  ot  straw  terminating  in  a  pith  balL 
When  tbe  whole  ii.  electrified  the  pith  baU  ia  re- 

E'lled  from  the  upright  and  fliea  out  at  an  snale 
dicnted  on  a  (reduatsd  aoale  or  quadrant  be- 


QuodruptAc  TraiumiMtion. 


Qnadratare. — If  tlie  angle  of 
lag  or  of  lead  between  two 
Bets  ol  alternating  current 
waves  be  00°,  or  a  quarter  cir- 
cle, the  wavee  are  said  to  be  in 
quadrature  with  each  other, 

QnjMlrlpolMr  Draaaao. — A 

multipolar   dynamo   provided    with  /our 
fiM  magnet  pohi. 

Qnadz^Mlmr  Ftald. — An  electromagnetic 
field  produced  by  four  field  magnet  poke, 
as  in  a  quadripolar  dynamo. 

Qna.drapl0  Ezpanalon. — In  steam  engi- 
neering, a  four  stage  eKpension  engine,  the 
steam  being  successively  expandedin  four 
cylinders,  thus  dividing  the  temperature 
range  into  four  stages,  and  permitting  of  a 
higher  degree  of  expansion  than  in  the 
triple  expamkoa  ensme.  Quadruple  enfba  nu; 
be  ueed  to  adrantace.  in  marine  pivctioe,  when 
the  initial  alaam  pnenire  ia  over  200  lbs.  per 

QuKdrtiplax  B*lfcncw. — In  quadruples 
telegraphy,  obtaining  a  resitlanee  balance 
between  the  artificial  line  and  the  main 
line,  and  a.  statu:  battmce  in  which  the  eon- 
denser  of  the  artificial  line  has  a  capacity 
equal  to  that  of  the  main  line. 

QaMlmplez  Clrcnlt. — The  circuit  em- 
ployed in  quadruple!  telegraphy. 

Qnadraplez  Connaetor. — Any  means  of 
making  an  electrical  connection  with  the 
tenniuals  of  four  wires. 

Qaa.drapl«x  Ke  entrant  Armatnr* 
Winding. — A  four  path  armature  windr 
ing  each  of  which  is  re-entrant  indepen- 
dently of  tbe  others 


'ansmitted  simultaneously  o 
wirei  two  in  each  direction;  a  combination 
of  duplex  and  diplex  telegraphy. 

Qnadroplsx  TelapKonr. — A  system  of 
telephony  by  which  four  meesagee  may  be 
transmitted  Bimultaneously  over  the  same 
wire,  two  in  each  direction. 

Quadxnplex  TrmnaailMlon. — The  rimul- 
toneoua  transmission  of  four  telegraph  or 
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telephone  messages  over  one  wire,  two  from 
eacn  end. 

Qnadniplez  Worklni^.— The  operatioii 
of  quaoruplex  telegraphy  or  telephony. 

Qnalitative  Analysis. — In  cheniistry,  an 
analysis  which  determines  what  kinds  of 
elementary  substances  occur  in  the  matter 
analyzed,  without  regard  to  their  quantity. 

Quality  of  SouncL — The  element  which 
distinguishes  notes  of  the  same  pitch  and 
equal  loudness  emitted  from  different 
sources;  timbre, 

Quantitative  Analysis. — ^In  chemistry, 
an  analysis  which  determines  in  what  pro- 
portions elementary  substances  occur  in 
the  compound  analyzed. 

Quantity  Armature. — ^A  term  formerly 
applied  to  an  armature  wound  with  few 
coils  for  low  resistance  and  large  quantity 
of  current. 

Quantity  Conneetlon. — A  term  fonnerly 
applied  to  electrical  connections  for  pro- 
ducing the  largest  quantity  of  current; 
parallel  or  mvUiple  connection. 

Quantity  Current. — ^A  term  applied  to 
the  electric  current  generated  by  a  parallel 
connected  battery. 

Quantity  Eillclene^. — A  term  used  for 
the  ampere  hour  efficiency  of  a  storage  bat- 
tery, referring  to  the  qtumtUy  of  electricity 
obtained  from  the  battery,  found  by  mul- 
tipl}dng  the  current  delivered  in  amperes 
by  the  time  in  hours  the  current  was  main- 
tained. 

Quantity*  Eleetrlc. — ^The  amount  of  elec- 
tricity present  in  a  charge,  or  delivered  by 
a  current.  The  practical  unit  of  electric 
quantity  is  the  coulomb. 

Quantity  Meier. — An  electric  measuring 
instrument  designed  to  record  in  ampere 
hours  the  quantity  of  electricity  passing 
through  a  circuit;  also  known  as  cotdomS 
meter. 

Qnantlvalenee. — ^A  term  sometimes  used 
in  chemistry  for  valency  or  atomicity.  The 
valence  of  tne  atomic  weight  of  an  element 
is  the  nimiber  of  atomic  weights  of  hydro- 
gen which  it  combines  with  or  displaces. 

Quarter  Period. — ^The  time  taken  to  exe- 
cute one  quarter  of  a  cycle  of  a  periodic 
motion. 


Quarter  Phase* — A  term  sometimes  used 
for  two  phase  because  in  a  two  phase  alter- 
nating current  system  the  two  electro- 
motive forces  are  90  degrees  or  one-quarter 
of  a  cycle  apart;  also  called  quadfirphoM. 

Quarter  Turn  Drive. — ^In  belting  and 
shafting,  a  transmission  of  power  by  means 
of  a  quarter  twist  belt. 

Quarter  Twist  Belt. — ^A  method  of  dri- 
ving two  shafts  at  right  angles  to  each  other 
and  in  different  planes.  The  pulleys  must 
be  set  so  that  a  plumb  line  from  the  center 
of  the  face  of  tiie  upper  pulley,  on  the  side 
where  the  belt  leaves  it,  wiU  touch  the 
eenter  of  the  face  of  the  fewer  pulley  on  the  side 
where  the  belt  lesvoi  it.  The  direction  of  rota- 
tion must  be  Buoh  that  the  twisted  belt  it  always 
"going  on"  to  the  upper  pulley. 

Quarts. — ^A  mineral  known  as  silicon 
dioxide.  Crystalliney  transparent  to 
opaque.  Pure  quartz  b  colorless,  but  it  is 
otten  colored  by  impurities.  It  is  a  widely 
distributed  mineral  occurring  as  a  rock 
constituent  and  in  veins.  Pure  quartz  is 
used  for  spectacle  lenses  under  the  name  pebble, 
and  quarts  sand  is  used  for  the  manufaetuxe  of 
water  glass  and  for  other  industrial  puxpoees. 

Quarts  Fiber* — ^A  fine  thread  produced  by 
rapidly  drawing  out  a  piece  of  quartz  when 
fused  in  the  oxyhyorogen  name.  This 
fiber  can  be  made  more  slender  than  anv 
natural  fiber,  and  because  of  its  strength 
and  elasticity  is  used  for  delicate  suspen- 
sion in  sensitive  galvanometers,  electrom- 
eters, etc* 

Quartaose* — Rocks  consisting  of  quartz. 

Quarts  Thread. — ^An  exceedingly  slender 
filament  spun  from  melted  quartz,  em- 
ployed in  TwoVi'iig  torsion  suspensions; 
qu4irtz  fiber. 

Quegra* — ^A  prefix  to  a  unit  of  measurement 
to  denote  one  qmntUiion  times  that  unit; 
as,  for  example,  quegohm. 

Quick  Break* — A  sudden  break  in  an  elec- 
tric circuit,  as  by  a  quick  break  switch. 

Quick  Break  Switch* — A  spring  operated 
switch. 

Qulckluff* — A  process  in  electroplating 
with  silver,  employed  to  secure  a  perfect 
adhesion  or  the  metal;  it  consists  in  cover- 
ing the  article  to  be  plated  with  a  thin  coat- 
ing of  mercurv  by  dipping  it  in  a  solution  of 
a  mercury  salt;  also  termed  quickening. 
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Qaieking^  Liquid  or  Solution. — ^A  solu- 
tion of  nitrate  of  mercury,  or  of  some  other 
salt  of  mercury,  into  which  articles  are 
dipped  preparatory  to  silver  plating  in 
Older  to  secure  plerfect  adhesion  of  the 
metaL 

Quick  Lime* — ^Lome  burnt  and  unslaked; 
calcium  oxide;  prepared  by  burning  lime- 
stone or  marble  in  kilns  to  drive  off  the 
carbonic  acid. 

Quicksand. — Sand  easily  moved  or  readily 
yielding  to  pressure;  especially  a  deep  mass 
of  loose  or  moving  sand  mixed  with  water. 

Quicksilver*— The  metal  mercury;  so  caUed 
from  its  resemblance  to  liquid  eolver;  it  ia 


so  called  on  account  of  its  fluidity  at  nor- 
mal  temperatures. 

Quiet  Arc* — ^A  normal  condition  of  the  arc 
in  an  arc  lamp,  free  from  noise,  as  distin- 
guished from  a  mssing  or  noisy  arc. 

Quiet  Commutation* — Smooth  operation 
of  the  armature  commutator  with  freedom 
from  noise  and  sparking  at  the  brushes; 
sparkless  commutciion. 

Quiet  Discharf^* — ^A  convective  discharge. 
A  discharge  of  static  electricity  which  may 
take  place  noiselessly  from  the  tip  of  a 
pointed  conductor  when  electricity  has 
accimiulated  there  in  considerable  den- 
sity; also  called  point  discharge. 


p. — AbbreviatiOD  for  rodiu*. 

p— The   Greek   letter  rho,   the 
symbol  for  tpeeifie  rtnttanee. 

hydraulics,  a  canal   or   water 

»,  leadinit  from  a  dam  to  a  water  wheel 
which  it  drives;  sometimeB  called  the  head 
race,  in  opposition  to  the  tail  race,  which  is 
the  water  course  leading  from  tlw  bottom 
of  a  water  wheel;  a  milt  race. 

Ra««wMr-— ^  space  left  in  the  ducta  of  an 
underground  oonduil  to  allow  of  the  ready 
removal  or  introduction  of  electric  con- 
ductors. 

Raelnc  of  Djm»MO. — A  burst  of  epeed  in 
the  running  of  a  dynamo  when  suddenly 
relieved  of  its  load. 

Raoinf  of  Motor, — A  burst  c^  speed  in 
the  rotation  of  a  motor  when  suddenly  re- 
Ueved  of  its  load. 

Rmekinc.^The  ranninf;  of  the  block  car- 
riage  oi  a  crane,  or  traveler,  inwards  or 
outwards,  to  adjust  it  to  the  requiremeata 
of  the  work. 

BA«klng>  of  Arauttnro  Condnetors.^ — 

A  dtag  sometimes  sustained  by  the  coils  ot 
a  dynamo  or  motor  armature  while  in 
operation. 

R»d. — A  unit  of  time  flux  of  light  equal  to 
a  lumen  per  second ;  a  lumen  Mcond. 

R»dIabUltr. — The  power  of  transmitting 
radiation  poeseased  by  radio-active  sub- 
stances. 

Waiilfcl  Braalu — A  form  of  commutator 
brush  in  which  a  block  of  carbon  moving 
freely  in  a  socket  is  held  directlv  a^inst 
the  surface  of  the  oommutator  by  a  flat 
spring. 

R^flln^  Flow. — A  tuibine  is  said  to  have 
radial  flow  when  the  water  flows  inwardly 
from  the  circumference  of  the  wheel  to  its 
center,  or  outwardly  in  the  reverse  direo- 
ticHu 


TiaiafwiwJ  Ar- 
latoria. — A  laminated  ar- 
mature having  a  core  built  up 
of  metal  discs  arranged  about 
a  central  shaft. 

B*«H>1  Track. — A  triple  form 

of  car  truck  for  use  with  heavy 

cars,  being  so  adjusted  that  it  can  swivel 

under  the  car  in  turning  a  curve. 

Bfcdlfcw.^The  unit  employed  in  measuring 
angles.  It  is  the  angle  at  the  center  of  a 
circle  that  embraces  an  arc  of  circumference 
equal  to  the  length  of  the  radius  of  the 

Bfcdlan  por  Second.— The  imit  of  angu- 
lar velocity  of  a  moving  body  constantly 
changing  its  direction;  the  angle  swept  o 
per  second  by  a  rotating  body. 

B*dlfcnt  Efflcleoer.— The  ratio  of  the 

luminous  radiation  of  s  source  of  light  to  the 
total  radiation,  both  luminous  and  obscure, 
emitted  by  it. 

Bfcdifcnt  Energy .—1.  Energy  transmitted 
through  space  at  infinite  speed  by  the 
vibrations  of  the  universal  ether. 

2.  The  radiant  expulsion  of  minute 
particles  of  matter  Between  electrodes 
through  a  rarefied  space,  as  the  cathode 

Xof  a  Crookes  tube,   or  through  the 
from  radio-active  substances. 

Badlaat  HoMt. — Heat  waves  pas»ng 
through  space  with  the  velocity  of  light, 
and  giving  the  sensation  of  heat  only  when 
absorbed  by  the  body  through  which  they 
are  passing, 

Badl»nt  Ka.tter. — Matter  found  to  exist 

in  the  extremely  rarefied  gas  of  high  va< 

in  a  fourth  state,  which  eTliibits  extra- 
ordinary properties  not  known  to  the  solid, 
liquid,  or  gaseous  conditions;  ultra  gaseous 
matUr. 

B»dlaat  R»r«.— In  physics,  these  are 
said  to  go  in  all  directions,  yet  act  in  the 
moat  efficient  manner  when  strildng  a  sur- 
face exactly  at  a  right  angle  to  their  line  <rf 
movement. 

Radl»t«. — 1.  To  emit  rays  through  the 
medium  of  ether  vibrations,  as  light  and 
heat. 
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2.  To  expel  minute  particles  of  radiant 
matter,  as  from  radio-active  gubBtanoes. 

Radiation. — 1.  The  transmission  of  energy 
by  ether  vibrations. 

2.  The  radiant  exi)ulsion  of  charged 
particles  of  matter  at  liigh  velocity,  such  as 
the  alpha^  beta  and  gamma  rays  emitted  by 
radio-active  substances. 

Radiation,  Electric.^— Electric  or  electro- 
magnetic waves,  a  series  of  electric  di»- 
turbances  or  waves  set  up  in  the  surround- 
ing medium  by  discharges  from  a  con- 
denser. They  are  also  known  as  Hertzian 
waves  from  Hertz,  a  German  scientist  who 
first  produced  them  by  sparks  from  an  in- 
duction coil. 


Radiation  of  Hoat. — ^Throwing  out  of 
heat  in  T&ys;  the  opposite  process  of  ab- 
sorption. All  bodies  possess  the  property 
of  radiating  heat.  The  heat  ra^rs  proceed 
in  straight  lines,  and  the  intensity  of  the 
heat  radiated  from  any  one  source  becomes 
less  aa  the  distance  from  the  source  increases. 
This  decrease  is  governed  by  a  natural  law,  which 
18  this:  the  intensity  decreases  in  the  inverse  ratio 
of  the  square  of  the  distance;  for  example,  at  any 
given  distance  from  the  source  of  radiation,  the 
mtensity  of  the  radiant  h^t  is  four  times  as  great 
as  it  is  at  twice  the  distance.  According  to  Dr. 
Alfred  M.  Mayer,  the  relative  radiations  from  a 
cube  of  cast  iron,  having  faces  rough,  draw-filed, 
polished,  and  from  the  same  surfaces  oiled,  are  as 
follows: 


Surface 

Oiled 

Dry 

Rough  ,    .    ,    ^    ,    ,    r    -    r 

100 
60 
49 
45 

100 

Planed 

32 

Draw-filed 

Polished 

20 
18 

The  oiling  of  smoothly  poUshed  castings,  such 
as  cylinder  neads  of  engines,  according  to  the 
table,  more  than  doubles  the  loss  of  heat  by  ra- 
diation, while  it  does  not  seriously  affect  rough 
castings. 

Radiation  of  Magnetic  Flux* — ^Lines  of 
magnetic  force  projected  radially  from  the 
positive  pole  of  a  magnet. 

Radiator. — 1.  In  wireless  telegraphy,  the 
aerial  wire  used  for  transmitting  messages. 
2.  In  automobiles,  a  tubular  or  honey- 
comb device  for  the  purpose  of  cooling  the 
water  that  prevents  the  motor  from  reach- 
ing too  high  a  temperature.  Radiators 
are  of  quite  varied  design,  the  object  in  each  case 
being  to  expose  as  large  a  surface  as  possible  to 
the  air.  The  water  is  carried  in  a  tank  slung 
near  the  rear  or  driving  axle*  is  forced  by  means 


of  a  small  centrifugal  pump  through  the  water 
jackets,  passes  to  the  radiator,  and  returns  to  the 
iSupply  tank  once  more.  Fans  or  propellers,  belt 
dnven  from  the  crank  shaft,  are  irequoitly  em- 
ployed to  assist  the  radiator,  drawing  air  throi^di 
it  from  forward*  and  discharguig  over  the  outside 
cylinder  casing,  thus  keeping  down  the  tempera- 
ture inside  thebonnet. 

Radiator*  Electric* — ^An  electric  heater 
in  which  the  heating  effect  of  an  electric 
current  passing  through  resistance  colls  is 
utilized  for  the  purpose  of  warming  cars 
and  buildings. 


Radiator  System. — ^In  wireless  teleg- 
raphy, the  high  tension  transmission 
syst^. 

RadieaL — 1.  In  chemistry,  a  group  of  ele- 
ments which  reacts  as  if  it  were  a  single 
element;  also  known  as  compound  radical. 
2.  An  ion,  one  of  the  products  of  elec- 
trolysis, consisting  of  a  portion  of  matter 
carrying  a  definite  electric  charge. 

Radio-active  Substances. — A  class  of 
substances,  such  as  uranium,  thoriimi, 
radium,  and  their  compounds,  which  pos- 
sess the  property  of  spontaneously  and 
continuously  emitting  radiations  capable 
of  passing  throu^  substances  opaque  to 
ordinary  light.  Three  different  typies  of 
such  radiations  have  been  distinguished, 
known  as  alpha  (a),  beta  {/S),  and  gamma 
(y)  rays. 

Radio-activity* — That  property  of  a  sub- 
stance by  which  it  spontaneously  emits 
rays  which  affect  a  sensitive  photographic 
plate,  excite  phosphorescence  in  certain 
substances,  and  ionize  the  surroimding  air, 
that  is  to  say,  break  up  the  molecules  of  the 
air  into  atoms  which  become  electrical  conduct- 
ors. Evidence  shows  that  radio-activity  is  a 
Seneral  propertv  of  all  matter  in  a  higher  or  lower 
egree,  instead  of  its  being  confined  to  a  few 
extremely  rare  substances.  The  phenomena  of 
emission  of  various  minute  corpuscles  accompa- 
nies the  breaking  up  of  a  supposedly  irreducible 
atom  into  simpler  forms,  and  observation  of  these 
manifestations  is  altering  or  modifying  the  phys- 
ical conceptions  of  matter. 

Radiograph. — ^A  picture  taken  upon  a 
photograpnic  plate  by  means  of  X-rays, 
usually  of  an  opaque  object  through  which 
the  rays  pass;  an  X-ray  photograph;  a 
skiagraph. 

Radiography. — The  art  of  making  radio- 
graphs, or  X-ray  photographs. 

Radiometer. — ^An  apparatus  invented  by 
Sir  William  Crookes  which  demonstrati» 
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the  power  of  light.  A  set  of  metal  vanes, 
blacKened  on  one  side  and  bright  on  the 
other,  is  fixed  on  a  vertical  axis,  capable  of 
free  revolution,  within  a  glass  bulb  from 
which  the  air  is  exhausted.  Radiant  heat  re- 
ceived by  the  vanes  causes  them  to  rotate  at  a 
speed  dcv>ending  upon  the  intensity  of  the  radiar 
tion. 

Radio-micrometer* — ^An  extremely  sensi- 
tive instrument  for  measuring  faint  heat 
radiations,  consisting  essentially  of  a  dosed 
circuit  containing  a  bismuth-antimony 
junction  suspended  between  the  poles  of  a 
powerful  magnet. 

Radiophone* — An  instrument  bv  which 
sound  is  produced  by  the  action  of  radiant 
energy  mtermittentl]^  brou^t  to  bear 
upon  a  substance  sensitive  to  it. 

Radiophonic  Sounds.— Sounds  produced 
in  a  radiophone. 

Radiophony. — ^The  process  of  producing 
sound  by  radiant  energy  by  means  of  a 
radiophone. 

Radioscopy. — An  examination,  as  of  a 
part  of  the  human  body,  bv  the  use  of  the 
A-ray  in  connection  with  a  fluorescent 
screen  without  employing  photography. 

Radio-telegraphy. — An  approved  term 
for  wireless  telegraphy.  The  term  is  usual- 
ly applied  to  long  distance  transmission  of 
agnatB  by  means  of  electromagnetic  waves 
projected  through  space  without  the  in- 
tervention of  insulated  conductors  be- 
tween smding  and  receiving  stations.  Electric 
osdllatiouB  are  generated  at  the  sliding  station 
by  means  of  an  oacilUUor  consisting  essentaally  <^ 
a  grounded  spark  fop  terminating  above  in  a  ver- 
tical antenna  earned  upon  a  mast.  These  oscil- 
lations are  projected  by  the  antenna  as  electro* 
maipietio  waves  which  are  caught  at  a  receiving 
station  by  an  aerial  wire,  transformed  again  into 
oscillatiouB  and  detected  by  a  sensitive  device. 

Radio-telephony. — An  approved  term  for 
wireless  telephony.  It  is  tne  transmission 
tiirough  distance  of  articulate  speech  by 
means  of  electromagnetic  waves  without 

*  the  use  of  conducting  wires  between  the 
transmitter  and  receiver.  Its  success  de- 
pends upon  the  production  at  the  transmitting 
station  of  undamped  electric  oscillations  which 
may  be  absorbed  by  a  properly  svntoniaed  reoeiv- 
ing  antenna  tuned  to  the  wave  length  employed, 
and  made  to  affect  a  telephone  receiver  so  as  to 
reproduce  articulate  sounds. 

Radio-therapeutics. — The  treatment  of 
disease  by  the  use  of  the  X-ray. 

Radinm. — ^A  metal  allied  to  barium,  found 
'  in  minute  quantities  in  a  few  rare  uranium 


bearing  minerals;  notably,  pitchblende. 
The  metal  itself  has  not  been  separated  but 
b  obtained  as  a  bromide,  after  most  care- 
ful and  laborious  treatment  at  the  rate  of 
about  one  ounce  to  140  tons  of  pitchblende. 
Radium  is  an  element  whose  atom  is  unstable; 
that  Ib,  it  spontaneously  breaks  up  into  simpler 
atoms,  the  deoompoeitum  being  manifested  as  a 
shower  or  streams  of  infinitesimal  corpuscles 
aooompanied  by  the  emission  of  relatively  great 
amounts  of  energy.  The  rate  of  decompositkm 
is  gQofa  that  a  grain  of  radium  would  last  160 


Radius. — ^A  straight  line  drawn  from  the 
center  of  a  drele  to  anv  part  of  its  cir- 
cumference, all  lines  so  chawn  being  equal 
in  length;  the  semi-diameter  of  a  circle. 

Rading  of  Gyration* — ^In  physics,  the 
distance  of  the  center  of  ^ration  of  any 
figure  from  its  axis  of  rotation,  that  is,  the 
distance  from  its  axis  of  rotation,  of  that 
point  at  which,  if  all  the  moving  matter 
were  collected,  it  would  obtain  equal  angu- 
lar velocity  from,  and  sustain  equal  resist- 
ance to,  the  force  that  gives  the  rotary 
motion.  More  plainly  termed  the  center  of 
inertia. 


_  Bolt. — ^An  iron  pin  with  barbs  on  its 
shank  to  retain  it  in  its  place. 

Rail  Bond  or  Joint. — Short  pieces  of 
copper  wire  riveted  into  the  adjoining  ends 
of  tne  rails  of  an  electric  railway  to  pre- 
serve the  conducting  capacity  of  the  tracks 
serving  as  a  portion  of  the  return  circuit; 
track  band. 

Rail  Bondinfl^. — ^The  use  of  rail  bonds  to 
preserve  good  electrical  connection  be- 
tween tlie  rails  of  an  electric  railway  track. 

Railroad  Switchboard. — ^A  switchboard 
located  in  the  power  house  of  an  electric 
railroad,  and  connected  with  the  dynamo 
and  feeder  terminals. 

Railway  Cirenit. — ^The  electric  circuit  by 
which  an  electric  railroad  system  is  oper- 
ated. 


Railway  X>amanio« — The  dynamo  which 
generates  the  current  for  operating  an 
electric  railroad  i^ystem. 


Railwayt  Eloctrie. — ^A  traction  system 
upon  rails  in  which  electricity  is  employed 
as  the  motive  power.  In  street  railway 
service,  the  cars  usually  cany  motors 
which  are  driven  by  current  denved  from 
the  line  through  trolleys  or,  when  the 
conductor  ii  carried  underground,  connection  is 
mads  by  oontaot  pkms  through  a  slot  between 
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the  fails.  In  heavy  railway  senrice.  the  current 
18  obtained  from  a  third  rail  by  a  contact  shoe  or 
from  an  overhead  line  by  ''pantograph*'  or  "bow" 
trolieya  to  motors  carried  by  electric  locomotives. 

Railway  Motor. — An  electric  motor  de- 
signed for  railway  service.  *  It  usually  has 
four  poles,  and  is  completely  enclosed  to 
keep  out  moisture.  The  suspension  is 
usually  at  one  end  upon  the  axle  and  at  the 
other  upon  a  spring,  the  power  being  trans- 
mitted by  single  reduction  gear.  The 
standard  railway  motor  is  the  direct  cur- 
rent series  motor  wound  for  500  to  600  volts. 

Railwagr  Retnra  Circuit.— The  circuit 
of  an  electric  railroad  system,  completed 
by  using  the  rails  and  the  earth  as  a  return 
path  for  the  current. 

Railway  Return  Wire. — A  copper  wire 
sometimes  placed  in  the  ground  between 
the  rails  of  an  electric  road,  and  connected 
to  each  rail  so  as  to  secure  a  satisfactory 
ground  return;  return  feeder. 

Railway  Turn  Out. — A  side  track  intro- 
duced at  certain  points  in  a  single  track 
electric  road  to  allow  cars,  moving  in  op- 
posite directions,  to  pass  each  other. 

Rail  Weldinff. — ^The  electric  current  may 
be  employed  for  welding  steel  rails  to  make 
the  track  continuous  in  street  railway 
systems.  The  current  is  obtained  from  a 
transformer  supplied  from  a  rotary  con- 
verter connectea  with  the  trolley  wire. 
Two  pieces  of  iron  are  applied,  one  on  either  side 
of  ^e  joint,  heated  by  the  current  to  a  welding 
heat  and  subjected  to  the  pressure  of  a  hydraulic 
jack. 

Rain  Oaun^. — An  instrument  for  measur- 
ing the  quantity  of  rain  that  falls  at  any 
place  in  a  given  time.  The  rain  falls  into 
a  funnel  shaped  receiver  of  exact  dimen- 
sions, and  is  led  into  a  collecting  tube  of 
smaller  dimensions,  frequently  one  tenth 
the  area  of  the  funnel.  This  magnifies  the  appa- 
rent rainfall  tenfold,  permitting  very  exact  obser- 
vations to  be  made.  An  overflow  attachment  is 
provided  occasionally  to  measure  snowfall. 

Rake  of  Poles. — In  pole  line  construction, 
for  electric  railways,  wooden  poles  should 
be  set  with  a  rake  of  9  to  18  mches  away 
from  the  street,  while  iron  or  steel  poles  set 
in  concrete  require  a  rake  of  only  6  to  9 
inches.  Poles  at  comers  and  curves  should 
have  a  greater  rake  or  be  firmly  guyed. 

Rakinn^  Shore. — ^In  erecting,  a  shore  at  an 
acute  angle,  running  directly  from  the  wall 
which  it  supports  to  the  sole  piece  on  the 


ground.  An  inclined  suppNort  which  is 
braced  against  another  wall  is  known  as  a 
ToHng  sinU;  a  shore  which  does  not  go 
directly  to  the  ground,  but  bears  upon 
another,  is  termed  a  rider, 

Rameay,  Sir  William.— -Bom  1852.  A 
Scottish  chemist,  noted  for  his  discoveries 
of  rare  gases.  Jointly  with  Lord  Rayieigh 
he  discovered  argon  a  new  constituent  of 
the  atmosphere  He  also  discovert  other 
atmospheric  gases,  neoft,  xenon  and  krypton, 
and  the  metal  helium.  In  1904  he  received  the 
Nobel  prise  for  chemistry.  He  is  the  author  and 
translator  of  a  number  of  important  ohnucal 
worlcs. 

Rani^e  Indieatini^  Sjrstem. — ^An  elestrie 
system  installed  in  a  war  ship  for  signalihg 
to  the  guns  the  range  of  the  enemy  as  de- 
termined by  the  range  finder. 

Ran^  of  Inetmment. — ^The  limits  with- 
in which  a  measuring  instrument  is  capable 
of  making  accurate  measurements. 

RareCBrCtion. — ^The  removal  of  air  or  other 
gases  from  a  closed  vessel  by  the  use  of  an 
air  pump,  thereby  producing  a  vacuum  to 
a  greater  or  less  degree.  In  a  very  hi^ 
vacuiun,  the  air  is  so  rarefied  as  to  be 
practically  absent. 

Ratchet  Pendant  Burner. — ^A  gas  burner 
which  is  lighted  by  means  of  an  electric 
spark  coil  operated  by  a  pendant  pull. 

Ratehet  Sprang. — ^A  ratchet  around  the 
axle  of  a  motor  car,  into  which  a  pawl 
may  be  dropped  for  preventing  backward 
motion  of  the  vehicle  on  a  steep  hill,  when 
power  is  ofif. 

Rated  Current. — ^That  current  which  with 
the  rated  terminal  voltage  gives  the  rated 
kilowatts. 

Rate  of  Alternations. — Usually  machines 
used  for  electric  lighting  work  at  from  fifty 
to  hundred  alternations  per  second.  To 
obtain  the  latter  with  a  single  coU  in  a 
single  field  would  require  six  thousand  re- 
volutions per  minute.  A  rapidly  alternat- 
ing current  can  be  easibr  obtained  with  a  large 
number  of  pole  pieces;  however  a  disadvantage 
results  from  the  fact  that  these  pole  pieces  alter- 
nate in  polarity  and  a  large  percentage  of  the 
lines  of  force  leak  across  between  adjacent  limbs, 
instead  of  passing  through  the  armature  core. 
Sometimes  nearly  half  theiines  of  force  devel(q>ed 
by  the  field  mai^ets  are  rendered  inoperative  by 
leakage  in  machines  witli  oozeless  armatuies,  but 
the  absence  of  iron  in  which  repeated  ohangea  in 
the  direction  of  the  number  oi  lines  of  force  is 
taking  place  obviates  the  loss  by  eddy  euxveati 
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and  bysteresis,  and  may  often  more  than  com- 
pensate for  the  loos  by  leakage 

Rate  of  Doing  Work* — Power,  or  the 
amount  of  work  done  in  uuit  time. 

Ratinff  of  Alternator. — An  alternator  is 
ratea  by  its  output  measured  either  in 
kilowatts  or  in  kilovolt-amperes,  repre- 
senting the  power  that  the  machine  can 
deliver  to  the  load  without  excessive  rise 
in  temperature. 

Ratinn^  of  Lamps* — Certain  nominal  val- 
ues attributed  to  electric  lamps  with  re- 
spect to  their  illmninating  power  for  com- 
mercial purposes.  A  480  watt  arc  lamp  is 
rated  at  2000  candle  power,  and  a  300  watt 
lamp  at  1200  candles,  though  these  values 
are  much  in  ezceas  of  the  spherical  candle  power 
of  these  lamps,  but,  smce  for  street  lighting,  the 
k>wer  hemispherical  candle  power  is  solely  impor- 
tant, the  excessive  rating  does  not  greatly  misrep- 
resent their  practical  Ugnting  values. 

With  incandescent  lamps,  the  mean  horizontal 
candle  power  is  generally  accepted  in  practice  as 
its  ratix^. 

Ratio  Arms* — ^The  proportionate  arms  of  a 
Wheatstone's  bridge,  tne  two  arms  whose 
ratios  are  known;  also  called  bridge  arma. 

Ratio  of  Conversion* — ^The  same  as  the 
ratio  of  transformation. 

Ratio  of  Expansion* — The  ratio  existing 
between  the  final  and  the  initial  volumes 
of  the  steam  in  a  cylinder  or  series  of 
cylinders.  If  steam  be  cut  off  at  (  of  the 
stroke  the  ratio  of  expansion  is  6  to  1, 
or  6.    It  is  the  reciprocal  of  the  cut  off. 

Ratio  of  Transformation* — In  a  trans- 
former, the  ratio  of  the  nimiber  of  turns  on 
the  primal^  coil  to  the  number  of  turns  on 
the  secondary,  which  establishes  the  re- 
lation of  the  current  delivered  by  the 
secondary  to  the  voltage  impressed  upon 
the  primary;  also  called  rcUio  of  conversion. 

Rat-taiL — ^In  wireless  telegraphy,  a  name 
given  to  the  wire  by  means  of  which  the 
serial  wire  is  connected  with  the  sending  or 
receiving  instniments. 

Rawhide  €(ears* — Pinions  and  wheels 
made  of  hard  leather  built  up  in  several 
thicknesses,  through  which  the  teeth  are 
cut.  The^  are  used  to  a  considerable  ex- 
tent for  high  speed  driving,  especially  as  a 
first  gear  of  an  electric  motor;  being  dur- 
able, elastic  and  noiseless. 


Raw  Material* — Crude  natural  products; 
substances  requiring  manufactiuisg  pro- 
cesses to  utihze  them;  material  partly 
treated  to  fit  it  for  further  processes;  thus, 
iron  ore  is  the  raw  material  of  pi^  iron; 
while  pi|^  iron  is  a^in  raw  matenal  for 
wrought  iron  or  castings. 


. — 1.  A  beam  of  light  thrown  by  a  lum- 
inous body,  Ught  emitted  in  a  given  direc- 
tion from  any  source. 

2.  The  line  along  which  light  travels,  or 
more  especially,  the  line  or  direction  of 
radiant  energy. 

3  A  line  along  which  the  disturbance 
produced  by  any  form  of  wave  motion 
travels. 

Ray*  Eleetric* — A  fish,  sometimes  called 
the  torpedo,  having  an  organ  in  the  back 
of  its  head  by  which  it  is  able  to  give  an 
electric  shock. 

Rayleiirh*  John  WUliam   Stmtt,  Srd 

Baron. — Bom  1842.  An  English  physi- 
cist and  experimenter  in  electrical  measure- 
ments; discoverer,  jointly  with  Sir  William 
Ramsay,  of  a  new  gas  (1894)  which  they 
named  argon. 

Rayleig^h's  Ohm* — ^A  determination  made 
by  Lord  Rayleigh,  the  English  scientist, 
giving  106.21  centimeters  of  mercury  as 
representing  the  true  ohm. 

Rays. — Lines  of  radiant  energy  emitted  by 
sources  of  light  and  heat,  and  by  radio- 
active substances. 

Reactance* — ^In  an  electric  circuit,  a  resist- 
ance having  self-induction;  it  is  equal  to  the 
component  of  the  impressed  electromotive 
force  at  right  angles  to  the  current  divided 
by  the  current,  and  is  measured  in  ohms. 

Reactance  Coil. — A  choking  coil,  a  coil 
of  insulated  wire  of  low  resistance  wound  on 
a  laminated  core  and  joined  in  series  with 
an  alternating  current  circuit  to  prevent 
too  large  a  current.  A  coreless  reactance 
coil  consisting  of  a  spiral  of  a  few  turns  of 
insulated  wire  is  used  to  force  a  lightm'ng 
discharge  through  an  arrester. 

Reactance  Factor* — ^The  relation  of  the 
reactance  to  the  ohmic  resistance  of  an 
electric  circuit. 

Reaction* — 1.  Any  action  in  resbting  any 
other  action  or  force;  movement  in  a  con- 
trary direction,  reverse  action.    In  phys- 
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ics,  reverse  or  return  action;  the  equal  and 
opposite  force  exerted  on  a  body  by  the 
body  act-ed  upon;  a  force  acting  in  oppo- 
sition to  or  balancing  another  force  or  eyBtem  of 
foroes;  henoet  the  pnilooophical  truism  "action 
aiui  roaction  ara  equal,  but  m  opposite  directionB/' 
2.  In  eleotro-therapeuticn,  the  spasmodic  con* 
tractions  in  the  tissues  of  the  body  which  cocur 
upon  application  of  an  electric  carrenti 

ReaetioB  Motor. — A  term  aometimes 
applied  to  the  induction  motor,  in  which  the 
current  is  furnished  to  the  stator  or  fixed 
part  only,  the  rotations  of  the  moving  part 
or  rotm^  being  brought  about  by  currents 
induced  by  the  varying  field  ret  up  by  the 
alternating  currents  in  the  stator. 

Reaction  of  De|fonor»tioB* — ^In  electro- 
therapeutics, a  gradual  failure  to  respond 
to  treatment  shown  by  diseased  tissues 
which  have  been  subjected  to  prolonged 
curative  action  of  electricity. 

Reaction  of  Ezhanstion. — ^In  electro- 
therapeutics, an  exhausted  state  of  the 
tissues  of  tne  body  undergoing  electrical 
treatment,  such  that  they  fail  to  respond 
until  the  strength  of  the  current  is  in- 
creased. 

Reaction  Telephone. — ^A  form  of  tele- 
phone providea  with  a  coil  of  fine  wire 
mounted  upon  the  diaphra^,  which  serves 
to  strengthen  the  sound  edffect  by  causing 
mutual  reaction  with  the  coils  of  the  electro- 
magnet. 

Reaction  Turbine. — A  type  of  steam  tur- 
bine of  which  the  Parsons  turbine  is  an 
example;  this  type  has  no  nozsles,  the 
steam  flowing  from  the  boiler  into  the  ad- 
mission space  with  practically  no  velocity. 
From  this  point  it  enters  the  first  set  of 
stataonaiy  bladoi  and  ao<;^uiree  velocity  as  the 
preBsure  decreases.  Entenns  the  set  of  moving 
Blades  it  expands  again,  and:  passing  alternately 
through  the  fixed  and  moving  blades,  continues 
expanding  until  it  escapes  into  the  exhaust.  This 
type  of  turbine  gets  its  name  nadion  turbine  be- 
cause the  pressure  is  not  the  same  on  both  sides 
of  the  movmg  blades. 

Reaction  Wheel. — ^A  device  for  illustrat- 
ing the  effect  of  the  discharge  of  electricity 
from  points.  If  slender  metal  needles, 
radiating  from  a  center  like  a  wheel  with 

their  pomts  all  bent  at  right  angles  in  the 
same  direction,  be  supported  iipon  a  pivot  and 
placed  upon  the  positive  pole  of  an  electrostatic 
machine,  the  force  of  the  electricity  dischaiged 
from  the  points  acting  against  the  surrounding  air 
will  cause  the  wheel  to  rotate  in  a  direction  oppo- 
site to  that  in  which  the  points  are  bent.  It  is 
often  called  an  dedric  fly, 

2.  In  hydraulics,  an  enclosed  wheel  into  which 
water  enteiB  under  head  or  pressure  and  escapes 


from  it  tangentially;  the  force  being  derived  from 
the  reaction  of  the  weight  thrown  off  at  the  edge 
of  the  wheel 

Reactive  Circuit. — An  alternating  current 
circuit  which  contains  either  inductance  or 
capacity,  or  both  inductance  and  capacity. 

Reactive  Drop. — ^The  fall  of  potential  in 
an  electric  circuit  due  to  reactance. 

Reactive  Effect. — ^The  effect  of  reactance 
upon  the  electromotive  force  in  an  alter- 
nating current,  causing  a  retardation  of 
the  current. 

Reactive  Factor. — The  ratio  of  the  watt- 
less volt-ampMeres  to  the  total  amperes  in  an 
electric  circuit. 

Reading  Distance. — ^The  distance  from  a 
source  of  light  at  which  an  ordinary  size 
of  reading  print  can  just  be  read.  Em- 
ployed for  the  approximate  comparison  of 
light  sources,  sucn  as  street  lamps  when 
proper  photometric  measurements  are  im- 
practicaole. 

Readini^  Microscope.  —  A  microscope 
mounted  upon  an  instrument  for  making 
exact  measurements  in  order  to  enable  the 
observer  to  read  minute  divisions  of  the 
scale. 

Readinn^  Teleecope. — A  telescope  used 
in  connection  with  a  mirror  galvanometer 
for  reading  the  scale. 

ReagOBt. — A  chemical  that  reacts  upon  a 
compound;  a  substance  used  to  effect 
chemical  changes  upon  a  compound  for 
discovering  its  constituent  parts  and  de- 
termining its  percentage  composition;  thus, 
iodine  added  to  a  solution  containing  starch 
turns  it  a  beautiful  blue;  and  on  adding  common 
salt  to  a  gold  and  silver  alloy,  dissolved  in  nitric 
acid,  the  silver  is  at  once  precipitated  as  chloride 
and  its  quantity  readily  ascertained. 

Real  Cable. — ^In  duplex  submarine  cable 
working,  the  cable  proper  as  distinguished 
from  the  artificial  or  false  cable. 

Reaumnr  Thermometer. — A  thermom- 
eter having  its  scale  divided  into  80  degrees 
between  the  freezing  and  boiling  points  of 
water,  the  freezing  point  being  taken  as 
zero.  One  degree  Fahrenheit  is  equal  to  | 
of  a  R^umur  degree.  The  R^umur  ther^ 
mometer  is  used  for  scientific  purposes  in 
the  countries  of  Eastern  Europe. 

Recalescence. — A  sudden  check  in  the 
process  of  cooling  a  bar  of  iron  or  steel  from 


Recalibrate, 


359 


Recording  Comp<u9. 


a  white  heat,  when  the  metal  glows  more 
brightly  for  a  short  while  upoD  reaching  a 
certain  temperature,  and  then  continues 
cooling.  On  bringing  a  piece  of  iron  to  a 
white  heat  and  letting  it  oool  in  a  dark  room,  it 
will  cool  regularly,  the  colors  fading  to  a  dull  red 
as  the  temperature  falls.  When  a  oertain  poiat 
is  reached,  about  1000^  F.,  not  only  is  the  rate  of 
cooling  retarded,  but  the  iron  bursts  out  into  a 
glow  as  if  reheated,  before  fading  again.  This  re- 
calescence  is  occasioned  by  moleoular  changes  in 
the  metaU  as  iron  is  magnetic  frejow  the  pomt  cl 
leoalesoenoe.  non  magnetio  above  that  point. 

Reealibrate. — To  ascertain  anew  the  vari- 
ations in  the  readings  of  an  instrument  for 
electrical  measivement,  after  they  have 
once  been  calibrated. 

Received  Current. — ^In  telegraphy,  a  cur- 
rent received  over  a  line  from  another 
station. 

Reeeiver. — 1.  In  telephony,  the  instni- 
ment  which  is  applied  to  the  ear  in  receiv- 
ing a  message;  it  consists  essentially  of  a 
hard  rubber  shell  containing  a  permanent 
bar  magnet  with  a  thin  iron  diaphragm  in 

close  proximity  to  one  of  its  poles. 

2.  In  automatic  telegraphy,  a  special  record- 
ing machine  which  registers  messages  as  received. 

3.  A  chamber  between  the  oyunders  of  com- 
pound engines  into  which  the  steam  from  the  high 
pressure  cylinder  escapes,  and  from  which  it  is 
admitted  to  the  low  pressure  cylinder. 

Receivini^  End  of  Line. — In  telegraphy, 
the  end  of  the  line  at  which  a  message  is 
received,  as  distinguished  from  the  sending 
end. 

ReceiTin^  Mapiet. — ^The  magnet  em- 
ployed in  the  receiving  instnunent  of  a 
telephone  or  telegraph  line. 

Receivinn^  Sifi^iubler. — A  telegraph  oper- 
ator in  the  act  of  receiving  a  message. 

Receptacle. — A  wall  socket  for  an  incan- 
descent electric  lamp. 

Receptive  Devices. — Electro-receptive 
devices;  any  instrument  or  appliance  which 
receives  electrical  energ^^  to  utilize  it,  or 
transform  it  or  measure  it. 

Receptor. — The  general  name  for  the 
receiving  apparatus  in  wireless  telegraphy. 

ReciprocaL — In  mathematics,  the  quoti- 
ent arising  by  dividing  unity  by  the  number 
whose  reciprocal  is  required. 

Reciprocatinn^  Motion. — ^In  mechanics, 
the  act,  process  or  state  of  changing  place 


or  position  alternately  forward  and  back- 
ward. 

Reciprocating^  Motor. — An  early  type  of 
motor  whose  armature  acted  with  a  re- 
ciprocating instead  of  rotary  motion;  a 
jndsoHng  motor. 

Recoil  Circuit. — ^That  portion  of  a  circuit 
l^g  in  the  alternative  path  of  a  disrup- 
tive discharge. 

Recoil  of  Disruptive  Discharf^. — A 

sudden  reaction  which  occurs  simultane- 
ously with  a  disruptive  discharge,  like  the 
"kick"  of  a  gun. 

Recorder. — In  telegraphy,  an  instrument 
for  automatically  recording  a  message  as 
received. 

Recorder  Ammeter. — An  ammeter  that 
automaticalljr  records  the  number  of 
amperes  passing  through  a  circuit. 

Recorder  Battery. — ^The  battery  which 
supplies  the  current  for  the  operation  of  a 
telegraph  recorder. 

Recorder  CoiL — ^The  delicately  suspended 
coil  of  fine  wire  that  hangs  oetween  the 
poles  of  the  electromagnet  in  a  siphon 
recorder. 

Recorder  Maptets. — ^Electromagnets  em< 
ployed  in  telegraph  recorders. 

Recorder  Shunt. — A  low  resistance 
shunted  across  the  terminals  of  a  siphon 
recorder. 


Recorder  Sin^nals. — Telegraphic  signals 
registered   upon   the   paj        "^  - 
siphon,  or  otner  recorder. 


Recorder  Switch. — ^A  two-wa^  switch 
employed  in  connection  with  a  siphon  re- 
corder. 

Recorder  Tape.— ^A  paper  ribbon  upon 
which  telegraphic  signals  are  recorded  m  a 
siphon,  or  other  recorder. 

Recorder  Vibrator. — ^An  electromagnetic 
device  for  giving  a  continual  vibratory  mo- 
tion to  the  siphon  of  a  telegraphic  recorder, 
in  order  to  avoid  friction  as  it  ejects  ink 
upon  the  paper  ribbon. 

Reeordinn^  Compass. — A  variety  of  mar- 
iner's compass  designed  to  record  the  ship's 
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direction,  and  to  give  a  warning  signal  when 
the  vessel  deviates  from  its  course. 

Recordiimr  I^ram. — ^In  an  electric  chrono- 
graph, a  rotating  cyhnder  or  drum  upon 
which  the  stylus  makes  the  record. 

Reeordin^  Thermometer. — A  metallic 
thermometer  in  which  the  expansion  or 
contraction,  due  to  heat,  actuates  an  arm 
carrying  a  pen,  which  traces  a  line  cor- 
respondmg  to  the  fluctuations  of  the  tem- 
perature, upon  a  specially  ruled  roll  of 
paper  driven  by  clock  work. 

Recording  Voltmeter. — A  form  of  volt- 
meter designed  to  register  the  voltage 
measured  by  it.  The  leverage  of  a  glass 
pen  provided  with  an  ink  reservoir  is  con- 
nected by  a  spring  to  the  movable  nart  of 
the  voltmeter.  The  movement  of  tne  pen 
as  the  voltage  changes  traces  a  record  upon 
a  sheet  of  paper  fed  forward  by  a  rotating 
cylinder. 

Recording^  Wattmeter* — A  watt-hour 
meter,  a  form  of  wattmeter  designed  to 
register  the  watt-hours  expended  during  a 
period  of  time.  It  is  used  to  record  the 
amount  of  electric  power  furnished  to 
a  consumer  by  a  central  station.  The 
Thomson  recording  wattmeter  is  a  small  motor 
without  iron  in  its  working  parts.  Its  armature, 
or  revolving  part^  acts  as  a  pressure  ooil  and  its 
magnetizing  windmgs  as  a  current  ooiL  The  driv- 
ing torque,  which  tends  to  make  tiie  armature 
rotate  is  proportional  to  the  product  of  the  two 
magnetising  effects  and  to  the  watts  in  the  circuit. 
A  series  of  dials  record  the  oonsumptloa  of  energy 
in  watt-hours. 

Recovery  of  Condenser. — The  return  of 
the  dielectric  of  a  condenser  to  its  neutral 
condition  after  being  subjected  to  the 
strain  of  an  electric  charge. 

Rectang^ar  Carre. — A  characteristic 
curve  approaching  the  form  of  a  rectangle. 

Rectanguliu*  ^TP  of  Altematinn^ 
Electromotive  ^orce. — ^The  character- 
istic curve  of  an  alternator,  in  which  the 
variations  of  the  electromotive  force  are 
represented  by  a  ciure  approaching  a 
rectangle  in  form. 

Rectification  of  Alcobol*  Electric. — 

A  method  of  purifying  alcohol  by  passing  a 
current  of  electricity  through  it  between 
zinc  electrodes;  the  water  present  is  de- 
composed, the  hydrogen  combining  with 
the  alcohol  and  the  oxygen  with  the  zinc. 


Rectified  Currents. — Alternating  currents 
which  have  been  acted  upon  by  a  rectifying 
conmiutator,  and  changed  into  direct 
pulsating  currents;  redressed  currents. 

Rectiiyinn^  Commatator. — A  form  of 
commutator  for  obtaining  direct  pulsating 
currents  from  alternating  currents;  also 
called  rectifier. 

Rectilinear  Current. — An  electric  cur- 
rent passing  along  a  straight  conductor. 

Red  Brass. — In  metals,  an  alloy  variously 
composed;  as,  (a)  copper,  24  lbs.;  zinc,  5 
lbs.;  bismuth,  1  oz.;  (b)  copper,  24  lbs.; 
zinc,  5  lbs.;  lead,  8  oz.;  (c)  copper,  32  lbs.; 
zinc,  10  lbs. ;  lead,  1  lb. ;  (d)  copper,  160  lbs. ; 
zinc,  50  lbs.;  lead,  10 lbs.; antimony,  44  ozs. 

Red  Candle. — A  standard  candle  screened 
by  red  glass  for  use  in  connection  with  a 
photometer. 

Red  Heat.— The  degree  of  heat  which 
causes  a  metallic  body  to  glow  with  a  red- 
dish light. 

Red  Lead. — ^Minium,  a  bright  red  and 
very  heavy  powder  prepared  by  exposing 
litharge  (lead  monoxide)  to  the  air  for  a 
long  time  at  a  faint  red  heat.  It  is  em- 
ployed as  an  active  material  in  pasted 
plates  of  storage  batteries,  and  as  a  cement 
tor  joints  in  automobiles. 

Red  Pole. — ^The  north  seeking  pole  of  a 
magnet  or  magnetic  needle,  also  Known  as 
the  N,  plus,  positive,  marked,  or  boreal  pole. 

Reduced  Battery. — In  quadruplex  teleg- 
raphy, the  short  end  or  smaller  portion  of 
the  divided  battery. 

Reduced  Deflection  Method. — A  meth- 
od of  electrical  measurement  based  upon 
observing  reduced  deflection  of  the  gal- 
vanometer needle  as  the  current  strength 
lessens. 

Reducing  Couplin^^. — A  joint  designed 
to  make  electrical  connection  between  the 
ends  of  two  conductors  differing  in  size. 

Reducing  Switch. — A  switeh  designed  to 
reduce  we  current  furnished  to  a  branch 
circuit. 

Redueinn^  Transformer. — A  transformer 
used  to  reduce  the  electromotive  force  of 
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an  electric  circuit,  usually  called  a  step" 
down  transformer. 

Reductenr  for  Ammetor. — ^A  resistance 
coil  connected  in  paraUel  with  the  coils  of 
an  ammeter  to  act  as  a  shunt  to  reduce  the 
current  entering  the  ammeter. 

Reductenr  for  Voltmeter. — A  resistance 
coil  connected  in  series  with  the  coils  of  a 
voltmeter  for  the  purpose  of  diminishing 
the  currents  in  a  fixed  proportion,  and 
thereby  increasing  the  range  of  the  volt- 
meter. 

Reduction  Oeariny. — In  electric  trac- 
tion, a  gearing  by  which  the  armature  shaft 
of  a  motor  is  connected  with  the  axle  of  a 
car,  so  that  there  shall  be  a  reduction  to 
one-tenth  or  one-twelfth  of  the  annature 
speed  at  the  axle. 

Reed  Interrupter. — A  device  for  auto- 
matically making  and  breaking  a  circuit  by 
a  vibrating  reed;  a  tuning  fork  inter-' 
rupter. 

Reel  Insulator. — A  reel  shaped  insulator 
employed  with  certain  signal  systems. 

Re-entrant    Armature     Windings. — 

Armature  windings  in  which  both  ends 
re-enter  or  lead  back  to  the  starting  point. 

Re-evaperation. — In  steam  engineering, 
a  term  used  to  express  the  influence  of  an 
unjacketed  engine  cylmder  in  which  steam 
is  worked  expansively.  The  cylinder  being 
subject  to  the  extremes  of  temperature  of 
the  entering  and  exhausting  steam,  the 
fonner  is  subject  to  initial  condensation  on  its  firat 
entrance.  The  heat  thus  lost  is,  however,  re-im- 
parted to  it,  as  it  acquires  by  expansion  a 
temperature  below  that  of  the  cylinder,  while 
towards  the  end  of  its  work  it  acquires  from  the 
cylinder,  hotter  than  itself,  a  vaporous  condition, 
or  is  re-evaporated.  By  the  use  of  the  steam- 
jacket,  these  variations  are  prevented  or  mini- 
mised. 

Refining,  Electric. — ^The  application  of 
electro-metallurgy  in  the  refining  of  metals, 
especially  copper,  by  electrolysis. 

Reflecting  Galvanometer. — ^The  mirror 
galvanometer.  An  instrument  for  exact 
determinations,  having  a  small  magnetic 
needle  fixed  to  a  very  light  mirror  and  sus- 
I>ended  inside  a  coil  of  wire  by  means  of  a 
silk  or  quartz  fiber,  the  movements  of  the 
needle  being  indicated  by  reflection  upon  the 
mirror.  In  one  method,  the  deflections  are  read 
by  means  of  a  small  telescope  through  which  the 
reflected  divisions  of  a  scale  are  seen  on  the  mirror 


as  it  moves;  in  another,  a  beam  of  light  Is  tfarown 
on  the  mirror  and  reflected  to  a  suitable  scale 
where  the  movements  of  the  needle  are  indicated 
and  magnified. 

Reflection. — ^The  change  of  direction  expe- 
rienced by  a  TBiy  of  light,  or  of  other  radiant 
energy,  when  it  stnkee  a  surface  and  is 
thrown  back  or  reflected. 

Reflector. — A  polished  surface  of  reflecting 
material  designed  to  reflect  light  with 
increased  iUuminating  power. 

Reflector  Bracket.  —  A  street  lamp 
bracket  provided  with  supports  for  two 
insulators  and  a  reflector. 

Reflector  Shade. — ^A  shade  lined  with 
reflecting  material  for  use  with  an  arc 
lamp. 


Valve. — In  hydraulics,  a  flap  valve 
used  for  the  purpose  of  taking  off  the  pres- 
%ure  of  a  head  of  water,  acting  in  a  back- 
ward direction  against  a  set  of  pumps. 

Refk*action. — 1.  The  change  of  direction 
which  a  ray  of  light  undergoes  upon  en- 
tering obliquelv  a  medium  of  different 
density  from  tnat  through  which  it  has 
been  passing. 

2.  The  change  in  direction  of  the  flow  of 
an  electric  current  when  it  passes  from  one 
medium  to  another  of  different  conductiv- 
ity or  of  other  differing  electric  qualities. 

Refractive  Index. — ^When  a  ray  of  light 
passes  obliauely  from  one  medium  into 
another  of  different  density,  the  ratio  be- 
tween the  sines  of  the  incident  and  re- 
fracted angles  is  known  as  the  refractive 
index  or  index  of  refraction  of  the  second 
medium  with  respect  to  the  first. 

Refractories. — For  lining  electric  furnaces 
there  are  three  kinds  of  refractory  materials 
emplo^red :  add  in  which  the  chief  consti- 
tuent is  silica;  basic  consisting  of  lime, 
magnesia,  bauxite  and  dolomite;  and 
neutral  such  as  fire  clay,  chromite  and 
carbon. 

Refractory. — ^A  term  applied  to  substances 
that  are  infusible,  such  as  fire  clay,  lime, 
carbon,  etc.,  or  to  metals  which  can  be 
melted  only  at  extremely  high  tempera- 
tures. 

Refreshinff  Action. — In  electro-thera- 
peutics,   a    restored    action    of    fatigued 
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muscle  or  nerve  tissue  produced  by  the 
application  of  vcUadc  aUernativeB, 

Regenerated  Cell. — 1.  A  pnmanr  cell 
wnich  has  been  depolarized  after  polariza- 
tion. 

2.  A  storage  cell  which  has  been  re- 
charged after  exhaustion. 

Resfeneration. — 1.  The  act  of  restoring  an 
exhaustcKl  storage  battery  to  a  renewed 
working  condition.  It  consists  in  passing 
an  electric  current  through  the  battery  in  a 
direction  opposite  to  that  of  the  current 
the  battery  produced. 

2.  Restormg  a  primary  cell  to  activity 
after  it  has  become  polarized. 

Regenerative  Cell. — ^A  primary  or  stor- 
age cell  that  may  have  its  energy  restored 
after  becoming  inactive. 

Re^onal  Ma^etic  Distnrbances. — 

Disturbances   m   the   earth's   magnetism 
confined  to  limited  areas  or  special  regions. 

Refl^ster,  Electric. — ^Any  mechanism  for 
making  a  permanent  record  by  the  aid  of 
electricity. 

Registering^  Barometer. — A  self  reg- 
istering device  for  recording  variations  in 
the  pressure  of  the  atmosphere.  The  ex- 
pansion or  contraction  of  the  corrugated 
cylinder  of  an  aneroid  is  transmitted  by 
gearing  to  a  needle  arm  carrying  a  pen  or 
pencil  which  moves  across  a  paper  coiled  on 
a  clockwork  driven  drum. 

Registering  Declinometer. — A  decli- 
nometer which  automatically  records  varia- 
tions in  the  earth's  magnetic  declination. 

Registering  Electrometer. — An  elec- 
trometer which  automatically  records  the 
differences  of  potential  it  measures. 

Reipiaalt's  Law. — ^Regnault  determined 
by  experiment,  that  the  specific  heat  at  conr 
etant  pressure  is  constant  for  any  gas. 

Therefore,  if  Cp  represent  the  specific 
heat  at  constant  pressure,  and  Cv  the  spe- 
cific heat  at  constant  volume,  and  a  unit 
mass  of  gas  be  heated  at  constant  pressure 
P  from  absolute  temperature  T^  to  abso- 
lute temperature  T,;  then 

Cp  (T,— T,)  =  Heat  absotbecL (ff) 

Now,  if  Vt  be  the  volume  of  the  gas  at  Ti  aaa 
Vfl  the  volume  at  Ts:  then 

P  (V.--V,)  =  d  (T,--T,)  =  External  work  per- 
formed ih),  m  which  d  is  a  constant  that  depends 
upoa  the  specific  density  of  the  gas  and  on  the 


units  ia  whieh  P  and  V  axe  measared:  and  the 
difference  between  the  quantities  (0)  and  (^h),  or 
(Cp — d)  (Tt — Ti)  represents  the  increase  m  the 
amount  erf  the  internal  energy  of  the  gas  when  its 
temperature  is  nused  from  Ti  to  Tt. 

Refl^ulating^  Boiu  —  A  term  sometimes 
applied  to  a  resistance  box  or  rheostat. 

Re^^nlatinff    Componnd    Dynamos. — 

A  careful^  compounded  djmamo  will, 
when  run  at  the  speed  for  which  it  was  de- 
signed, regulate  itself  perfectly,  and  main- 
tam  a  constant  difference  of  potential  at 
its  terminal  under  an^  variation  of  load 
within  its  nnm.  In  practice,  however,  it  is  not 
always  possible  to  work  a  dynamo  under  these 
exact  conditions,  and,  moreover,  in  the  case  of 
large  machines,  the  effect  of  temperature  upon 
the  resistance  of  the  machine  has  an  appreciable 
effect  upon  the  voltage. 

Means  for  regulatm^  the  latter  are  desirable. 
The  voltage  may  be  vaned  to  a  certain  extent  by 
suitably  adjustmg  the  governor  of  the  driving 
engine,  increasin|^  or  decreasing  the  speed;  but  in 
many  cases  this  u  not  very  desirable  or  possible, 
and  a  much  better  method  of  obtaining  the  desired 
variation  of  voltage  is  to  insert  a  variable  lesist- 
anoe  or  hand  regulator  in  the  shunt  circuit  of  the 
machine,  the  resistance  of  the  shunt  being  suit- 
ably proportioned  to  give  the  requisite  margin  for 
regulation. 

Refl^lating^  Over-eompoanded  Dyna- 
mos.— ^It  IS  sometimes  desirable,  as  in 
central  light  and  i>ower  stations,  to  have  a 
dynamo  which  will  maintain  a  constant 
pressure  at  a  point  some  distance  from  the 

machine.  In  this  case  the  dynamo  is  over- 
compounded,  or  the  series  ooib  are  wound  with  a 
greater  number  of  turns,  in  order  to  raise  the 

Cressure  at  the  terminals  of  the  machine  as  the 
>ad  increases,  and  thus  compensate  for  the  fall 
of  pressure  in  the  mains. 

As  it  18  well  to  vary  the  degree  of  over-oom- 
pounding,  the  series  coils  of  such  dvnamos  are 
usually  80  proportioned  as  to  give  from  10  per 
cent  to  20  per  cent  of  over^x>mpounding,  and  a 
strip  or  ribbon  of  German  silver  or  copper  is  ar- 
ranged as  a  shunt  to  the  series  coils. 

Regulatings  Relay. — A  device  for  regu- 
lating the  condition  of  a  main  electric 
circuit  by  means  of  control  devices  actuated 
by  a  secondary  circuit.  Its  purpose  may 
be  to  maintain  at  a  constant  value  either 
the  voltage,  current,  frequency,  or  power 
factor  of  the  circuit. 

Regulating  Shnnt  Dynamos. — In  regu- 
lating a  shunt  dynamo,  the  resistances  of 
the  field  magnet  shunt  windings  and  of  the 
regulator  coils  are  so  proportioned,  that 
when  no  load  is  on  the  dynamo,  and  all 
the  coils  of  the  regulator  are  in  circuit  with 
the  shunt,  the  machine  generates  the  normal  pres- 
sure required  at  the  lamps.  As  more  and  more 
lamps  are  switched  on,  the  voltage  at  the  lamps 
has  a  tendency  to  decrease,  and ,  therefore  the 
pressure  at  the  machine  must  be  raised  in  propor- 
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tlon.  This  is  effected  by  moving  the  lever  of  the 
regulator,  so  that  fewer  resiBtance  coib  are  in- 
cluded in  the  shunt  circuit:  the  resistance  of  the 
latter  being  thus  decreased,  the  exciting  current 
and  voltage  of  the  machine  is  increased  oones- 
pondingky. 

ISLegulmting  Socket. — An  iDcandesoent 
lamp  socket  containing  a  resistanoe  coil 
controlled  by  the  key,  for  the  purpoBC  of 
regulating  the  brilliancy  of  the  light. 

Refl^latinfif  Wires. — In  pole  line  con- 
struction, adjusting  the  tension  of  wires,  or 
regulating  the  proper  sag  between  the  poles. 

Reiful&tion. — An  electric  generator  may 
be  required  to  deliver  at  a  certain  speed,  an 
E.  Bf.  F.  which  is  within  a  specined  per- 
centa^  of  a  constant  value  wnen  the  load 
is  varied.  This  is  called  its  reuuUUion.  The 
definition  given  by  Standardization  Com- 
mittee of  the  American  Institute  of  Electrical 
Engineers  is  as  follows:  The  regulation  of  a  ma- 
chine or  apparatus  in  regard  to  some  characteristic 
quantity  (such  as  terminal  voltage«  current  or 
speed)  IS  the  ratio  of  the  deviation  of  that  quan- 
tity from  its  normal  value  at  rated  load  to  the 
normal  rated  load  value. 

Re^^nUbtion  of  Dynamo. — Causins  a  dy- 
namo to  operate  so  that  it  shall  either  (1) 
regulate  itself  so  as  to  send  a  constant 
current  through  an  external  circuit  having 
varied  resistance;  or,  (2)  maintain  a  con- 
stant potential  difference  at  its  terminals 
under  variations  of  resistance. 

Rei^atioii  of  Motor. — Controlling  the 
action  of  a  motor  so  that  it  shall  maintain 
a  uniform  speed,  whatever  its  load  may  be. 

Reifulator. — 1.  In  storage  battery  practice 
employing  a  shunt  wound  booster,  a  device 
provided  to  automaticallv  vary  the  mag- 
nitude and  direction  of  the  current  in  the 
shunt    winding    according    to    the    load. 

This  ^re^lator"  consists  essentially  of  a 
carbon  resistance  composed  of  piles  of  carbon 
discs  in  which  the  pressure  may  be  varied,  and  a 
pressure  producing  coil  and  pluni^er. 

2.  Any  automatic  or  hand  device  for  regulating 
a  d:^amo  or  motor;  especially  an  electromagnetic 
device  actuated  by  solenoids  placed  in  the  main 
circuit  for  automatic  regulation. 

Res^nlator  Hagpaet. — An  electromagnet 
sometimes  employed  in  the  regulation  of 
direct  current  dynamos  to  automatically 
shift  the  rocker  carrying  the  brushes  upon 
the  commutator  as  the  load  varies,  so  that 
a  constant  current  may  be  maintained. 

Reguline. — In  electro-metallurgy,  a  term 
applied  to  metallic  deposits  which  have  all 
the  characteristics  of  the  pure  metal. 


Reheater. — ^In  a  compound  engine,  a  re- 
ceiver between  the  high  pressure  and  low 
pressiu^  cylinders,  so  constructed  that  the 
exhaust  from  the  high  pressure  cylinder  is 
reheated  before  entering  the  low  pressure 
cylinder  by  live  steam  from  the  boiler. 
Sometimes  called  reheating  receiver, 

Reinforeed  Concrete.^ — ^A  cement  con- 
crete reinforced  by  steel  bars  and  rods  dis- 
posed through  its  mass  in  such  a  manner, 
that  tensile  stresses  are  borne  by  the  steel, 
which  possesses  great  tensile  strength,  while 
compressive  stresses  fall  upon  the  concrete 
itself,  which  is  strong  in  compression  but 
weak  in  tension.  Abo  known  as  armored 
concrete,  etc. 

Reinlbreed  Sound. — Sound  intensified  by 
means  of  a  sounding  box,  sounding  board, 
or  similar  agency. 

ReJnTenation  of  Luminescence. — Re- 
storing luminescence  to  a  substance  which 
has  exhausted  its  capacity  for  spontaneous 
glowing. 

Relations  of  Temperature*  Volume* 
and  Pressure. — In  conformity  with  the 
laws  of  permanent  gases,  the  mutual  rela- 
tions of  the  temperature,  volume,  and  pres- 
sure of  a  gas  in  the  cylinder  of  an  engine 
vary  according  to  the  conditions  which  ob- 
tain at  heating. 

1 .  If  the  temperature  of  the  gote  ia  kept  eonstani, 
an  increaee  of  volume  reeuUs  in  a  decreaae  of  prea- 
eure  iBoule'a  Law). 

2.  If  the  preaaure  of  the  gaa  ia  kept  oonalani,  an 
increoM  of  temperature  reauUa  in  an  increaae  of 
volume.    ((?aV'i^tMsac'«  Law.) 

3.  //  the  volume  of  the  gaa  ia  kept  conalani,  an 
increaae  of  temperature  reauUa  in  an  increaae  of 

Seaaiwe   (Gatf-LiM«ac'«,   RegnauWa,  and  JouU'a 
iwa). 

Relative  Inductivity. — ^Tbe  specific 
inductive  capacity  of  a  substance.  It  is 
measured  by  the  ratio  of  the  capacity  of  a 
condenser  which  has  its  plates  separated 
by  that  substance  to  the  capacity  of  the 
same  condenser  when  its  plates  are  separa- 
ted by  dry  air. 

Relay. — 1.  A  device  for  opening  or  closing 
a  local  circuit  under  given  conditions  in  the 
main  circuit. 

2.  In  telegraphy,  an  auxiliary  electro- 
magnet which  receives  the  current  from 
the  line,  and  is  thereby  actuated  to  open 
and  close  the  dnmit  of  a  local  battery,  and  furnish 
to  the  receiver  a  current  of  requisite  strength. 

3.  A  telephone  repeiater,  in  which  a  microphone 
is  acted  upon  by  the  receiver  of  the  first  line  cir- 
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oait  flo  as  to  introduoe  a  local  oiioait  whidi,  in 
turn,  acts  inductively  on  the  second  line  wire. 

Relay  BelL — ^An  electric  bell  which  is  rung 
by  the  action  of  a  relay  magnet  which  in- 
troduces a  local  battery  into  the  circuit. 

Relay  Contact.  —  An  electromagnetic 
mecnanism  which  completes  a  local  cir- 
cuit when  a  current  is  passed  through  it. 

Relay  Manet. — ^The  permanently  mag- 
netized steel  armature  or  a  polarized  relay. 

Release. — In  steam  engineering,  the  point 
on  an  indicator  diagram,  denoting  where 
the  valve  has  opened  to  exhaust,  before 
the  completion  of  the  power  stroke. 
Strictly  speaking,  the  period  from  the 
opening  of  exhaust  until  the  end  of  the 
stroke  is  called  pre-release;  the  remaimng 
period  of  exhaust  till  the  beginning  of 
compression  is  called  rdease. 

Relief  Lamp. — 1.  A  senes  incandescent 
lamp  provided  with  an  automatic  cut  out 
which  short  circuits  the  lamp  the  moment 
it  breaks. 

2.  A  lamp  reserved  for  immediate  sub- 
stitution for  a  broken  lamp. 

Relief  Operators. — Telegraph  or  tele- 
phone operators  whose  duty  it  is  to  relieve 
the  regular  operators 

Relievo. — An  electro  or  die  with  the  design 
raised  above  the  surface;  a  carving  in  r&- 
lief,  as  distinguished  from  an  iniaglio, 

Relnctance. — ^The  resistance  offered  to  the 
magnetic  flux  by  the  substance  magnetized, 
being  the  ratio  of  magnetomotive  force  to 
the  ma^etic  flux;  maaneUc  reeiatance. 
Its  unit  IS  the  oersted,  and  its  symbol  is  R. 

Relnctivitsr. — The  resistance  per  unit  of 
length  and  unit  cross  section  that  a  sub- 
stance offers  to  being  magnetized;  specific 
magneHc  resistance, 

Remanence. — ^The  property  possessed  by 
a  magnetizable  substance,  as  iron  or  steel, 
of  retaining  a  portion  of  its  magnetism 
after  the  magnetizing  force  has  been  re- 
moved. 

Remanent  Floz  or  Ha^^etism. — Resid- 
ual magnetism,  the  magnetism  which  is 
retained  by  iron  or  steel  after  it  has  been 
magnetized  and  the  magnetizing  force  has 
oeaaed  to  act  upon  it. 


Remote  Control  Switch.  —  A  switch 
operated  from  a  point  at  a  greater  or  less 
distance  from  the  switch  itself  by  mechan- 
ical or  electrical  means. 

Remote  Control  Switchboard. — One  in 

which  the  main  current  carrying  parts  are 
at  some  distance  from  the  controlhng  and 
measuring  appara tus.  This  form  of  switch- 
board may  be  operated  by  hand  or  by 
electric  power  or  sometimes  by  compressed 
air. 

Renovation  of  Stora^  Cell. — ^The  re- 
newing of  an  electric  charge  m  an  ex- 
hausted storage  cell;  recharging. 

Repair  Outfit. — A  kit  of  tools,  cements 
and  materials,  necessary  to  effect  repairs 
on  such  things  as  leather  or  rubber  oelt- 
ing,  pneumatic  tires  and  similar  fabrics 

Repair  Part. — A  duplicate  portion  of  a 
mechanism  carried  to  replace  a  detail 
which  may  break  or  give  away  in  service. 

Repair  Waggon. — A  tower  wagon,  or  speci- 
auy  constructed  vehicle  canying  an 
elevated  structure  so  that  workmen  can 
readily  reach  the  trolley  line  to  repair  it. 

Repeater. — In  telegraphy,  an  arrangement 
of  electrical  instruments  and  apparatus  for 
repeating  a  message  coming  over  one  line 
to  go  forward  over  another  line  by  the  aid 
of  a  separate  battery.  An  automatic  type 
repeats  in  either  direction  without  re- 
quiring the  turning  of  a  switch.  By  means  of 
repeaten,  the  reception  and  re-transmission  of  a 
message  by  the  operator  at  an  intennediate  office 
on  a  long  line  is  dispensed  with. 

Repeating  Coil. — In  telephone  work,  a 
special  form  of  induction  coil  designed  to 
connect  a  grounded  line  with  a  metallic 
line.  Repeating  coils  were  formeriy  con- 
structed on  the  principle  of  the  Faraday 
ring,  which  consists  of  a  coil  of  iron  wire 
for  tne  core  with  a  bobbin  carrying  the  primary 
winding  on  the  one  side  and  anoUier  carrying  the 
secondary  on  the  opposite  side.  Such  an  instru- 
ment is  still  known  as  the  standard  repeating  coiU 
as  generally  used  by  the  Bell  companies.  TAter 
practice,  however,  has  given  birth  to  the  annored 
coil,  which  is  enclosed  in  a  suitable  iron  sheath, 
with  the  primary  object  of  neutralising  stn^ 
currents  and  inductive  influences  from  the  outsim 
by  a  magnetic  envelope,  rnd  also  of  preventing 
similar  innuoices  from  the  coil  itself  upon  outside 
apparatus.  It  consists  essentially  of  a  primary 
and  secondary  ooil  wound  upon  a  core  consisting 
of  a  bundle  of  soft  iron  wires  the  ends  of  whicn 
are  bent  around  outside  the  ooil  forming  a  casing 
of  wire,  or  the  coil  is  enveloped  in  an  annealed 
iron  tube,  oloeed  at  both  ends  and  connected  to 
the  oore. 
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Repeating^  Relay. — ^A  relay  employed  in 
a  telegraphic  repeater  to  take  a  message 
from  one  wire  and  transmit  it  automatically 
to  another  wire. 

Repeating  Sounder. — A  telegraphic 
sounder  which  assLsts  in  repeating  a  mes- 
sage into  another  line. 

Repeating^  Tele^aphic  Station. — In 

a  long  telegraph  hne,  an  intermediate 
station  in  which  messages  are  received 
from  one  wire  and  re-transmitted  auto- 
matically into  another  by  means  of  tele- 
graphic repeaters. 

Replenlsher. — A  form  of  static  influence 
machine  designed  to  maintain  constant 
the  potential  of  the  needle  of  the  quadrant 
electrometer. 

Repose. — To  cause  to  stop  or  rest  after 
motion.  In  physics,  the  angle  of  repose  is 
the  inclination  of  a  plane  at  which  a  body 
placed  on  the  plane,  would  remain  at  rest, 
or,  if  in  motion,  would  roll  or  slide  down 
with  uniform  velocity;  the  limiting  angle 
at  which  the  various  kinds  of  earth  will 
stand  when  abandoned  to  themselves. 

Repulsion. — 1.  The  act  or  effort  of  forcing 
back;  driving  in  the  opposite  direction, 
causing  to  recede. 

2.  A  physical  force  which  compels  certain 
bodies  or  their  particles  to  recede  from 
each  other;  the  reverse  of  attraction. 

Repulsion*  Electric. — The  action  of  a 
force  by  which  two  similarly  charged  bodies 
tend  to  repel  each  other. 

Repulsion  Electrometer. — An  instru- 
ment which  measures  differences  of  electro- 
static potential  by  employing  the  principle 
of  electric  rep\iLsion. 

Repulsion*  Magnetic. — ^The  action  of  a 
force  by  which  two  magnetic  poles  of  the 
same  kind  repel  each  other. 

Repulsion  Motor. — A  type  of  single  phase 
motor  which  has  a  considerable  starting 
torque.  Such  motors  are  rarely  found  in 
use  because  of  commutation  difficulties 
and  their  so-called  aeries  characteristics. 

Requisites. — ^Those  things  which  are  so 
necessaiy  that  they  may  not  be  dispensed 
with.  A  requisite  differs  from  a  re^utr^ 
menl  in  that  the  latter  signifies  what  is 
required  of  or  by  a  person,  while  the  former 


conveys  the  idea  of  something  material  or 
to  be  possessed,  in  view  of  the  nature  of  the 
case. 

Reserve  Cell  Switch. — ^A  switch  con- 
nected with  a  storage  battery  for  the  pur- 
pose of  maintaining  a  constant  rate  of 
discharge  by  introducing  reserve  cells. 

Residual  Atmosphere*  or  Gas. — Traces 
of  gaseous  matter  which  remain  in  a 
vacuum,  though  exhaustion  may  have  been 
carried  to  the  highest  degree  possible  by 
any  known  mechanical  means. 

Residual  Charge. — A  residue  of  electri- 
fication retainecT  by  a  Leyden  jar  after  a 
discharge;  electric  residue;  soakage. 

Residual  Majnetic  Flux. — ^The  residue 
of  magnetic  mix  retained  by  a  body  be- 
cause of  the  power  of  magnetic  remanence 
after  the  magnetizing  influence  is  with- 
drawn. 

Residual  Maspnetism. — 1.  The  magnet- 
ism retained  oy  the  core  of  an  electro- 
magnet after  the  circuit  has  been  broken. 
When  a  xnsCas  of  iron  has  once  been 
magnetized,  it  becomes  a  difficult  matter 

to  entirely  remove  all  traces  when  the 
maffaetising  agent  has  been  removed,  and,  af>  a 
general  ruie^  a  small  amount  of  majsnetism  is 
pennanently  retained  by  the  iron.  This  is  known 
as  reaidual  magneliwmt  and  it  varies  in  amount 
with  the  quality  of  the  iron.  Well  annealed,  pure, 
wrought  iron,  as  a  rule,  possesses  very  little 
residual  magnetism,  while,  on  the  other  hand, 
wrought  iron,  which  contains  a  lax]^e  percentage 
of  impurities,  or  which  has  been  subjected  to  some 
hardening  process,  such  as  hammering,  rolling, 
stamping,  etc.,  and  cast  iron,  possess  a  very  lai^e 
amount  of  residual  magnetism.  This  property  of 
residual  ma^etism  in  Iron  is  of  great  miportance 
in  the  workmg  of  the  aetf-exciting  dynamo,  and  is, 
indeed,  the  essential  principle  of  this  class  of 
machines. 

2.  The  small  residue  of  magnetism  retained 
by  soft  iron  after  the  removal  ot  the  magnetismg 
force. 

3.  The  comparative  large  amount  of  magnet- 
ism held  by  a  mass  of  hard  steel,  resulting  in  the 
so  called  permanent  magnet. 

Resilience. — ^The  act  or  quality  of  elas- 
ticity as  understood  by  phjrsicists;  the  pro- 
perty of  springing  back  or  recoiling  upon 
removal  ot  a  pressure,  as  with  a  spnng. 
Without  special  qualincations  the  term  is 
understooa  to  mean  the  work  given  out  by 
a  spring,  or  piece,  strained  similarly  to  a  spring, 
after  being  strained  to  the  extreme  limit  withm 
which  it  may  be  strained  again  and  again,  with- 
out rupture  or  receiving  permanent  eel. 

Resin. — A  class  of  vegetable  products  ob- 
tained from  th^  sap  of  certain  trees,  es- 
pecially the  residue  from  distillation  of 
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pitch.  Resio  in  its  various  forms  is  a 
dielectric,  and  is  useful  for  insulating  pur- 
poses. 

Besinoas  Electrictt y.— The  kind  of  elec- 
tricity produced  upon  a  resinous  substance 
such  as  sealing  wax,  resin,  shellac,  rubber 
or  amber  when  rubbed  with  wool  or  fur,  as 
distinguished  from  vitreoiLs  electricity  pro- 
duced by  rubbing  glass  with  silk.  Resin- 
ous electricity  is  also  called  negaUve  dee- 
tricity. 

Resinous  Electrifioation. — A  negative 
electric  charge,  the  kind  of  electricity  with 
which  a  stick  of  sealing  wax,  resin,  amber 
or  other  resinous  substance  becomes 
charged  when  rubbed  with  wool  or  fur. 

Resist. — In  mechanics,  a  coating  of  any 
kind  applied  to  a  surface  to  protcet  it  from 
corrosion  or  the  acticn  of  other  themical 
agents. 

ResistsAce. — 1.  That  property  of  a  sub- 
stance that  opposes  the  flow  of  an  electric 
current  through  it.  Ohm's  law  states  that 
the  strength  of  a  current  ^ue  to  an  electro- 
motive force  falls  off  in  proportion  as  the 
resistance  in  the  circuit  increases.  It  is 
therefore  poflsible  to  compare  two  reetstanoee  wiUi 
each  other  by  finding  out  in  what  proportSon  each 
of  tiiem  wiu  cause  the  current  of  a  constant 
b.ittery  to  fall  off. 

Silver  10  taken  as  the  standard,  with  the  per- 
centage of  100,  and  the  conductivity  of  all  other 
metafi  is  expressed  in  hundredths  of  the  con- 
ductivity of  silver.  The  praotioal  unit  of  electrical 
resistance  is  the  ohm. 

2.  In  physics,  the  quali^  of  not  yielding  to 
force  or  external  pressure:  that  power  of  a  body 
which  acts  in  opposition  to  the  impulse  or  pres- 
sure of  another,  or  which  resists  the  effect  of 
another  power:  as.  the  resistance  of  the  air  to  a 
body  passing  through  it:  the  resistance  of  a  tai^ 
get  to  a  projectile. 

The  following  table  gives  the  relative  con- 
ductivities of  different  metals  at  0^  and  100° 
Centigrade.    (Matthiessen.) 


CONDUCTIVITIES 

METALS 

AtO«»0 

At  100°  C 

Silver,  hard 
Copper,  hard 
Zinc,  pressed 
Platiniun,  soft 
Iron,  soft 
Lead 
Mercuiy,  pure 

100. 
99.95 
29.02 
18. 
16.8 
8.32 
1.245 

71.56 
70.27 
20.67 

•  ■  • 

•  •  • 

6.86 
.878 

Resistance  BalaAce. — In  duplex  and 
quadruplex  telegraphy,  a  balance  of  the 
circuit  obtained  oy  placing,  by  means  of  a 
rheostat,  a  resistance  in  the  artificial  line 
eaual  to  that  in  the  main  line,  the  distant 
relays  and  battery. 


ResistaJ&ce  Box* — ^A  box  containing  sets 
of  standard  resistances  consisting  of 
spools  of  insulated  wire  having  low  con- 
ductivity and  small  temperature  co- 
efficient, employed  for  the  {mrpoee  of 
electrical  testm^;  or  for  introducing  a  vari- 
able resistance  mto  a  circuit;  also  called  a 
refftdaUng  box  or  rheostat. 

Resistance  BridM. — ^A  term  sometimes 
applied  to  the  Wheatstone  bridge;  a  de- 
vice for  comparing  electric  resistances  in 
which  two  resistances  whose  ratio  is  known 
are  used  to  compare  two  other  resistances 
one  of  which  is  unknown.  A  galvanom- 
eter is  ''bridged"  between  the  two  sets 
of  resistances. 

Resistance  Brid^^  Box* — A  form  of 
Wheatstone's  bridge  contained  in  a  box. 

Resistance  Coeflcient  or  Factor. — 

The  specific  resistance  of  a  substance.  It 
may  be  taken  as  the  electric  resistance  of  a 
piece  of  that  substance  1cm.  in  length  and 
1  sq.  cm.  cross  section,  at  a  temperature  of 
32''  F.  or  0°  C. 

Resistance  CoiL — A  coil  of  wire  of  Ger- 
man silver  or  similar  alloy,  having  a  known 
electrical  resistance,  employed  in  a  resist- 
ance box  or  rheostat. 

Resistance  Colnnui. — A  resistance  ob- 
tained by  introducing  variable  lengths  of  a 
column  of  mercury  into  a  circuit. 

ResistancOff  Electric.  —  The  resistance 
offered  by  a  conductor  to  the  passage  of 
electricity;  it  is  measured  in  ohms. 


Resistance  Frame. — A  form  of  hand 
regulator  for  the  regulation  of  dynamos, 
consisting  of  two  hollow  cast  iron  end 
frames  with  slate  slabs  fitted  into  them, 
the  latter  carrying  resistance  spirals  of 
German  silver  wire  joined  in  series  and 
controlled  by  a  contact  switch. 

Resistance  Losses. — In  electrical  sys- 
tems, loss  of  ener^  due  to  resistances  op- 
posed to  the  flow  of  the  electric  current. 

• 

Resistance  of  Human  Body. — ^The  re- 
sistance offered  by  the  human  [body  to  the 
passage  of  electricity  through  it. 

Resistance  of  Leakage. — In  telemphjr, 
a  resistance  in  the  circuit  due  to  a  leak  u 
the  line. 
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Resistance  of  Voltaic  Are. — ^A  resist- 
ance which  an  electric  arc  offers  to  the  cur- 
rent, causing  a  drop  of  potential  in  the 
neignborhood  of  the  crater. 

Beslstanee  Slide. — ^The  sliding  contact  of 
a  rheostat  which  cuts  in  or  out  of  circuit  the 
several  resistance  coils. 

Resistance  Temperature  Coefleient. 

— In  a  metal,  tne  ratio  of  increase  in 
specific  resistance,  or  resistivity,  corre- 
sponding to  an  increase  in  temperature  of 
one  degree. 

Resistance  Thermometer*  Electric. — 

A  thermometer  which  depends  for  its 
action  upon  the  changes  of  electrical 
resistance  in  a  metal  under  variations  in 
temperature. 

Resistance  Wire. — ^A  wire  composed  of 
some  special  allov,  usually  German  edlver, 
employed  in  maJdng  resistance  coils.  A 
frequent  composition  of  German  silver  for 
this  purpose  is  as  follows:  50  parts  by 
weight  of  copper,  20  parts  zinc,  and  20 
parts  nickel. 

Resistor. — In  submarine  cable  laying,  a 
buoy  employed  to  relieve  the  tension  of  the 
cable  as  it  is  paid  out. 

Resistivity. — ^The  resistance  in  ohms  of  a 
centimeter  cube  of  a  substance  to  a  flow 
of  electric  current  between  opposite  faces; 
specific  resistance. 

Resistivity    per    Meter    Ch*am. — The 

electric  resistance  of  a  piece  of  substance 
one  met-er  in  length,  of  uniform  cross  sec- 
tion, and  having  a  mass  of  one  gram. 

Resolntion  of  a  Force. — In  physics,  the 
process  of  discovering  the  magnitude  and 
direction  of  two  or  more  forces  so  that 
their  resultant  is  identical  with  the  force 
which  is  being  resolved.  It  is  the  antith- 
esis of  composition  of  forces,  for  instead  of 
finding  the  single  force  which  is  the  re- 
sultant of  several,  it  finds  out  the  various 
components  of  a  given  resultant. 

Resolvent. — ^Anything  which  has  power 
to  reduce  something  else  to  a  state  of 
solution. 

ResonancOt  Electric. — ^A  phenomenon 
observed  in  alternating  current  circuits 
when  capacity  and  inductance  are  present 
together.    An  abnormal  rise  of  current  or 


voltage  occurs  in  a  part  of  the  circuit, 
much  in  excess  of  the  values  supplied  by  the 
generatiDg  source.  It  is  due  to  the  neutnilisiiic 
effect  of  capacity  and  inductance  acting  <»ie  upon 
the  other.  An  electrical  circuit  ia  said  to  be  in 
resonance  with  an  impressed  pressure,  when  the 
natural  period  of  the  circuit  is  equal  to  the  period 
of  the  impxeased  pzeonire. 

Resonant  Capacity. — ^The  capacity  of  an 
alternating  current  circuit  which  tc^ds  to 
produce  electrical  resonance. 

Resonant  Circuit.— 1.  An  alternating 
current  circuit  containing  inductance  and 
capacity  in  such  relations  as  to  produce 
electrical  resonance. 

2.  A  circuit  of  such  a  character  as  to 
awaken  sympathetic  pulsations  or  vibra- 
tions in  an  adjacent  cu'cuit. 

Resonant  Inductance. — ^The  inductance 
of  an  alternating  current  circuit  which 
tends  to  produce  electrical  resonance. 

Resonant  Rise  of  PotentiaL — The  in- 
crease of  electrical  potential  in  a  resonant 
circuit. 

Resonator. — 1.  A  device  employed  by 
Hertz  in  his  experiments  with  electro- 
magnetic waves  in  order  to  detect  the  waves 
started  by  the  spark  gap  of  his  oscillator. 
It  consisted  simply  of  a  circle  of  wire  con- 
taining a  spark  gap  capable  of  fine  ad- 
justment, when  the  waves  passed  throu^  this 
ring,  electrical  vibrations  occurred  in  it  which 
were  revealed  by  small  sparks  passing  across  the 
air  gap. 

2.  In  wireless  telegraphv,  the  aerial  wire  and 
high  frequency  circuits  of  the  receiving  system. 

Responder. — In  the  De  Forest  system  of 
wireless  telegraphy,  an  electrolytic  receiv- 
ing instrument  consisting  of  a  mixture  of 
lithar^y  glycerine  and  alcohol,  carrying 
fine  tm  fifings  and  filling  a  gap  between 
electrodes;  the  current  from  the  local  bat- 
tery normally  causes  a  metallic  conducting  bridge 
to  be  formed  throuijh  the  mixture,  while  the 
passage  of  an  electno  wave  from  the  opposite 
direction  destroys  this  conducting  bridge  by  elec- 
trolysis and  breaks  the  local  battery  circuit* 
gtving  thp  irfgnals. 

Restored  CelL — A  recharged  cell. 

Restorinif  Coil. — An  electromagnetic  coil 
for  operating  a  self-restoring  telephone 
switchboard  drop. 

Restoring^  Coil  Battery. — ^A  battery  in 
a  telephone  exchange  for  the  operation  of 
self-rcfitoring  switchboard  drops* 

Restoring  Coil  Circuit. — ^A  local  circuit 
in  a  telephone  exchange  containing  a  bat- 
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tery  for  operating  aelf-reBtoring  switch- 
board drops. 

Resultant. — In  mechanics,  the  sum  of  two 
or  more  separate  forces  which  act  upon  a 
body  in  different  directions,  not  equal  and 
opposite,  causing  it  to  move,  or  producing 
a  tendency  to  move  in  a  defiuoite  direction. 
In  other  words,  it  may  be  defined  as  a  single 
force  which  replaces  two  or  more  other 
forces,  and  which  is  equal  to  their  sum. 

Resultant  Induction. — A  magnetic  in- 
duction which  is  the  resultant  of  various 
forces  tending  to  produce  induction. 

Resultant  Mapietic  Field. — A  line, 
whose  direction  may  be  determined  by  the 
"parallelogram  of  forces,''  indicating  the 
resultant  of  the  magnetic  forces  in  a  mag- 
netic field. 

Resultant  Mag^netic  Field  of 
Dynamo. — ^The  resultant  of  magnetic 
fields  generated  by  the  armature  andf  field 
magnets;  its  direction  depen4ing  upon  the 
relative  magnetizing  forces  of  the  two. 

Resultant  Reaetanee. — ^The  sum  of  all 
the  reactances  existing  in  an  electric  cir- 
cuit. 

Resuscitatinff  Power  of  Storage  CelL 

— ^The  power  which  a  storage  ceu  has  of 
renewing  its  activity  when  recharged  after 
exhaustion. 

Retaining  WalL — ^A  masonry  wall 
erected  to  retain  the  sides  of  an  excava- 
tion if  steeper  than  the  angle  of  repose  of 
the  soil,  or  should  the  slope  be  made  of 
treacherous  soil. 

Retardance. — ^In  a  telephone  circuit,  a 
quantity  eaual  to  the  total  capacity  of  the 
Ime  miutiplied  by  the  total  ohmic  resist- 
ance. 

Retardation. — 1.  The  tendency  of  electro- 
magnetic inertia,  or  self-induction,  to  pre- 
vent an  electric  current  from  beginning  or 
ceasing  instantaneously  in  a  circuit. 

2.  In  telegraphy,  the  delay  in  the  transmission 
of  signals  over  long  lines,  especially  in  submarine 
cables,  due  to  the  electrostatic  capacity  of  the 
Kne. 

3.  In  mechanics,  a  decrease  of  velocit^r  or  speed 
of  movement  on  the  part  of  anvthing,  either  from 
internal  causes  or  from  being  hindered  in  its  free 
progress. 

Retarder. — ^In  a  steam  boiler,  a  spirally 
curved  lath  of  metal  placed  in  the  fire 


tubes  to  check  the  speed  of  the  gases,  and 
cause  them  to  part  with  more  of  weir  heat. 

Retarding^  Disc. — ^A  copper  disc  mounted 
upon  a  shaft  so  that  it  retards  its  own  speed 
of  rotation  by  cutting  lines  of  magnetic 
force. 

Retarding^*  or  Retardation  CoiL — A 

choking  coil,  a  device  used  in  alternating 
ciurent  circuits  as  resistances  are  used  on 
direct  current  cirouits,  but  without  causing 
waste  of  power.  It  is  usually  a  coil  of 
insulated  wire  of  low  resistance  wound  on  a 
laminated  core  and  joined  in  series  with  the 
cireuit  to  prevent  too  large  a  current. 

Retentiveness. — ^That  property  of  mag- 
netizable substances  which  is  measured  by 
the  residual  magnetism. 

Retentiylty. — ^The  power  to  hold  residual 
magnetism,  as  shown  by  a  magnetizable 
substance  in  its  resistance  to  magnetiza- 
tion or  demagnetization.  Not  all  magnetic 
substances  can  become  magnets  perma- 
neotly.  Steel  lodestone  and  nickel  per- 
manentlv  retain  the  greater  part  of  the  magnetism 
imparted  to  them  Steel  is  magnetised  witii 
more  difficulty  than  iron  but  retains  the  mag- 
netism better  than  the  latter.  The  power  of 
resistmg  magnetism  is  called  eoerdve  force. 

Retort  Carbon.  —  An  impure  carbon 
deposited  in  coal  gas  retorts,  formerly 
employed  for  the  manufacture  of  are  lamp 
carbons. 

Retnm  Call  Annunciator. — An  annunci- 
ator drop  m  an  answering  call  box,  which 
indicates  that  a  call  has  properly  reached 
the  station. 

Retnm  Circuit. — ^That  portion  of  an  elec- 
tric cireuit  through  which  the  current  is 
assumed  to  return  to  its  startmg  point. 

Return  Current. — In  telegraphy,  the  cur- 
rent flowmg  back  to  the  sendmg  station  to 
be  discharged  to  earth. 

Return  Feeders. — In  electric  traction, 
feeders  sometimes  laid  alongside  the  rails 
and  connected  to  them  at  Intervals  for 
taldng  back  portions  of  the  return  current; 
railway  return  wires. 

Return  €b*ound. — The  ground  return. 
The  earth  or  ground  used  as  a  return  in  an 
electric  circuit  employing  only  one  wire, 
the  terminal  being  connected  to  water  or 
gas  pipes  or  to  iron  rods  driven  into  the 
ground. 
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Returns. — ^Those  conductors  in  an  electric 
system  which  form  the  paths  for  the  return 
of  the  current  to  its  starting  point  after 
supplying  the  circuit. 

Retnm  Shock. — 1.  A  shock,  due  to  elec- 
trostatic induction,  which  may  be  felt  in 
the  neighborhood  of  a  charged  conductor 
when    suddenly    discharged;    the    return 

charge. 

2.  On  the  same  principle,  a  violent  ehook 
Bometiines  experienced  at  a  considerable  distance 
from  the  place  where  a  discharge  of  lightnins 
occurs,  caused  b^  inductive  aotioa  ol  the  oloud 
upon  bodies  withm  its  range. 

Retiini  Wire. — That  conductor  in  an  elec- 
tric circuit  through  which  the  current  re- 
turns to  its  starting  point. 

Revealer. — In  wireless  telegraphy,  a  term 
sometimes  used  for  detector^  the  device 
which  detects  or  reveals  the  arrival  of 
electromagnetic  oscillations. 

ReT'ersal  of  Polarltjr  of  DynamoB. — 

When  compoimd  or  series  wound  dynamos 
are  running  in  parallel,  their  polarity  is 
occasionally  reversed,  while  stopping,  by 
the  current  from  the  machines  at  work. 
Under  such  conditions,  when  the  machine 
is  again  started,  the  E.  M.  F.  of  one  is  added  to 
that  of  another,  or  the  machines  are  connected  in 
series,  so  that  a  closed  circuit  is  formed,  and  as  a 
consequence  an  enormous  current  results.  Before 
the  machine  can  be  again  coupled  in  parallel,  it 
will  be  necessary  to  send  a  current  through  the 
field  ooila  in  the  reverse  direction. 

ReT'ersals. — ^Tn  duplex  and  quadruplex 
telegraphy,  changes  in  the  polarity  of  the 
battery  which  produces  changes  in  the 
direction  of  the  current  and  in  the  magnet- 
ism of  the  relays. 

Reverse  Currents. — Currents  changed  in 
direction  for  the  transmission  of  signals  in 
duplex  and  quadruplex  telegraphy. 

Reverse  Current  Working^. — ^Tn  duplex 
and  quadruplex  telegraphy,  the  use  of 
reverse  currents  for  the  transmission  of 
more  than  one  message  at  the  same  time. 

• 

Reverse  Curve. — One  whose  curvature  is 
first  in  one  direction  and  then  in  the  op- 
posite direction. 

Reverse  Induced  Current. — An  instan- 
taneous secondary  ciurent  which  opposes 
the  primary  ciurent  the  moment  a  circuit 
is  closed. 

Reverser. — ^In  telegraphy,  a  key  for  send- 
ing signals  by  reversing  the  current.    This 


is  done  by  shifting  the  line  and  the  ground 
wire  simultaneously  from  one  pole  of  a 
battery  to  the  opposite  pole;  a  term  some- 
times used  for  jwle  changer. 

Reversibility  of  Dynamo. — The  ability 
of  a  dynamo  to  run  as  a  motor,  and  supply 
mechanical  energy  when  furnished  with 
current  from  an  outside  source. 

Reversible  Brid^. — A  form  of  Wheat- 
stone's  bridge  which  permits  of  a  reversal 
of  the  proportionate  arms  for  purposes  of 
testing  the  resistance  of  the  coils. 

Reversible  Heat. — ^The  heat  exhibited  in 
the  Peltier  effect  at  the  junction  of  dis- 
similar metals. 

Reversible  Heatiujif  Effect. — ^The  so- 
called  Peltier  eflFect,  in  which  if  an  electric 
current  flows  across  the  junction  of  two 
metals  heat  is  either  absori>ed  or  given  off 
according  to  the  direction  of  the  current 
flow. 

Reversible  Motor. — 1.  An  electric  motor 
so  adjusted  that  its  direction  of  rotation 
may  be  reversed,  as  in  electric  traction. 

2.  A  motor  designed  to  act  as  a  dynamo 
when  reversed. 

Reversible  Regenerative  Armature. 

— A  form  of  armature  that  generates  an 
electromotive  force  when  rotating  in  a 
reverse  direction. 

Reversing. — Changing  a  motion  in  one 
direction  to  a  motion  in  exactly  the  op- 
posite direction. 

Reversing^  Cell. — A  form  of  primary  cell 
so  constructed  that,  when  placed  on  one 
end,  the  couple  is  separated  from  the 
electrolyte,  and  when  reversed  and  set 
upon  the  other,  the  contact  is  ejected  and 
activity  begins. 

Reversing^  Controller. — An  electric 
street  car  controller  provided  with  a 
switch  for  reversing  the  motor. 

Reversing^  Cylinder.  —  In  an  electric 
street  car  controller,  a  cylinder  operated 
by  a  small  reversing  handle,  and  provided 
with  contacts  for  reversing  the  connections 
of  the  field  coils  of  the  motors  so  that  they 
will  run  in  the  opposite  direction. 

Reversing  Gear. — A  reversing  cylinder, 
or  any  other  means  of  reversing  the  direc- 
tion of  rotation  in  an  electric  motor. 
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Reversing^  HaAdle. — ^In  an  electric  car 
controller  the  small  handle  which  controls 
the  reversing  cylinder. 

ReT'ersinff  Key. — 1.  In  auadruplex  teleg- 
raphy, a  form  of  double  key  for  reversing 
the  direction  of  the  current. 

2.  A  tapper  for  regulating  the  direction 
of  the  currents  passing  through  a  galvanom- 
eter. 

ReTersing^  Switch. — 1.  In  telegraphy,  a 
switch  placed  in  the  field  ma^et  circuit  of  a 
dynamo  for  changing  the  (firection  of  the 
current. 

2.  Any  switch  for  reversing  the  direction 
of  an  electric  current. 

ReT'ersinflT  WheeL — In  a  steam  engine, 
the  large  nand  wheel  of  a  reversing  gear. 

ReT'etment. — Masonry  walls  placed  up  and 
down  stream  each  side  of  a  bridge,  to  pro- 
tect the  river  banks  from  scour  or  erosion. 

Revoke. — To  annul  by  recalling  or  taking 
back;  to  cancel;  to  reverse. 

ReTolntion. — A  motion  in  a  closed  curve 
aroimd  a  center,  or  a  complete  circuit  made 
by  a  body  in  such  a  course. 

"RBTolviag  Derrick. — An  apparatus  for 
both  hoisting  and  swinging  ^reat  weights; 
sometimes  operated  by  electricity.  It  con- 
sists of  a  vertical  mast  supported  by  guys, 
and  a  boom  hinged  at  the  lower  end  for 
carrying  the  load.  At  the  bottom  of  the 
mast  is  a  bull  ring  or  large  wheel  which  re- 
ceives the  ropes  used  to  revolve  the  der- 
rick. 

Rheostat. — A  variable  resistance  box;  a 
box  containing  spools  of  German  silver  or 
other  alloy  of  low  conductivity  and  small 
temperature  coefficient,  which  are  fastened 
to  tne  under  side  of  the  cover.  The  wires 
terminate  in  brass  blocks  which  may  be 
electrically  connected  by  plugs,  which  fit  in  holes 
between  them,  the  resistance  of  the  box  being 
varied  by  the  insertion  or  removal  of  the  plugii. 
Carbon  resistances  are  also  used,  and  for  veiy 
hish  resistances,  liquid  rheostats  are  necessary. 

Rheostat  Arm. — In  a  Wheatstone's  bridge, 
the  third  arm  of  known  resistance  other 
than  the  two  proportionate  or  ratio  arma, 

Rheostatic  Controller. — In  electric  trac- 
tion, a  type  of  hand  controller  designed  to 
control  one  or  more  motors  by  means  of 
resistance  only.  They  are  not  equipped 
for  series  parallel  connection  and  therefore 


have  a  limited  application.    Also  known  as 
type  "R"  controller. 

Rheostat  Handle* — ^The  controlling 
handle  which  governs  the  main  cylinder  of 
a  car  controller. 

Rheostat  Machine. — A  machine  for  pro- 
ducing static  effects,  in  which  several  con- 
densers are  charged  in  parallel  and  then 
discharged  in  series. 

Rheostat  PaaeL — A  switchboard  panel 
containing  connections  with  rheostat  cir- 
cuits. 

Rheotometer. — A  form  of  combination 
rheostat  and  Wheatstone  bridge. 

Rheotrope* — A  name  given  to  a  pole 
changer,  or  to  the  commutator  of  an  in- 
duction coil. 

Rhi^llne. — ^An  extremely  volatile  fluid 
obtained  in  the  distillation  of  petroleum, 
sometimes  used  in  the  process  of  flaahing 
incandescent  lamp  filaments. 

Rhodium. — A  rare  metal  resembling  pal- 
ladiiun,  found  in  platinum  ores.  It  is  silver 
gray  and  only  fuses  in  the  oxyhydrogen 
blowpipe,  being  also  insoluble  in  acids  when 
in  the  mass.  It  is  sometimes  used  in  an 
alloy  for  tipping  pen  points,  but  chiefly 
with  platinum,  in  making  the  thermo 
couple  of  the  Le  Chatelier  pyrometer. 

Rhombs. — ^The  points  of  a  mariner's  com- 
pacB,  usually  the  four  cardinal  points  N., 
S.,  E.,  W.,  and  the  fourpoints  intermediate 
between  them  NE..  SEf.,  SW.,  NW.  The 
term  is  sometimes  broadly  used  for  all  of 
the  32  points. 

Ribbed  Armature. — A  slotted  armature 
having  projections  along  its  length,  leaving 
grooves  between  them  for  laying  on  the 
coils;  a  projection  armature. 

Ribbon  ColL — ^A  coil  having  windings  of 
insulated  metal  ribbons  laid  on  flat,  in 
place  of  wires. 

Ribbon  Condnctor. — An  electric  conduc- 
tor in  the  form  of  a  metal  strip  or  ribbon. 

Ribbon  Copper. — A  copper  conductor  in 
the  form  ofa  ribbon  or  stnp. 

Ribbon  Core. — A  laminated  ring  armature 
core  built  up  of  iron  strips  or  ribbons;  a 
tangentially  laminated  core. 


Ribbon  Fuse, 


871 


Ringing  Key, 


Ribbon  Fuse* — A  fuse  consisting  of  a  flat 
metal  strip. 

Ribbon  Vibrator. — A  make  and  bredc 
mechanism  in  which  a  strip  of  stedi  is 
caused  to  vibrate  between  the  attractions 
of  a  spring  and  an  electromagnet. 

Riffht  An^le. — ^That  which  is  formed  by 
one  Une  meetine  another  so  as  to  make 
equal  angles  wiOi  each  other.  The  hoes 
forming  a  right  angle  are  perpendicular  to 
each  other. 

Rig^ht  Angeled  Trolley'  Crossinf^* — ^An 

insulated  appliance  fitted  to  a  trolley  wire 
at  a  point  where  two  lines  cross  at  right 
angles. 

Rig^ht  Handed  Armatnre  Windinf^.-^ 

An  armature  winding  in  which  the  coils 
are  laid  on  in  a  direction  corresponding  to 
the  movement  of  the  hands  of  a  clock  as 
one  looks  at  its  face. 

Riffht  Handed  Dynamo. — A  dynamo 
whose  armature  turns  with  a  right  handed 
or  clockwise  rotation  as  viewed  from  the 
pulley  end 

Rig^ht    Handed   Helix  or  Spiral. — A 

solenoid  or  coil  of  wire  wound  spirally 
about  a  core  so  that  from  which  ever  end 
the  elec^c  current  enters,  it  will  travel 
around  in  the  same  direction  as  the  hands 
of  a  clock,  the  entering  end  becoming  a 
south  pole  and  the  opposite  end  a  north 
pole. 

Rif  hi  Handed  Motor.^A  motor  whose 
armature  turns  with  a  right  handed  or 
clockwise  rotation  as  viewed  from  the 
pulley  end. 

Rif  hi  Handed  Rotation. — A  clockwise 
rotation.  The  movement  of  a  rotating 
body  from  left  to  right  following  the  direc- 
tion of  the  hands  of  a  clock  when  one  is 
looking  at  its  face. 

Riffht  Handed  Screw. — ^A  spiral  screw 
wnose  threads  are  so  cut  that,  m  entering 
a  nut,  the  latter  must  be  turned  right 
handed, 

Rig^ht  Handed  Solenoid. — A  spiral  or 
coil  in  which  the  turns  follow  a  right  handed 
or  clockwise  direction;  a  right  handed  hdix, 

Rifrht  Handed  Winding. — A  winding  in 
wnich  the  turns  of  the  coHs  follow  a  clock- 
wise direction. 


Rig^ht  Hand  Ens^e. — In  steam  engineer- 
ing, a  horizontal  engine  whose  fly  wheel 
stands  to  the  right  when  viewed  from  the 
cylinder. 

Rig^ht  Hand  TroUejr  Trog. — ^A  troUev 
frog  designed  to  l^d  a  trolley  to  a  branch 
at  the  ri^t  of  the  main  line. 

Riffldily. — ^Want  of  pliability;  the  quality 
(M  resisting  change  of  form,  opposed  to 
flexibility,  ductility,  malleability  and  soft- 


Rim. — ^The  border,  edge,  or  margin  of  a 
thing;  as,  the  rim  of  a  wheel,  usually  ap- 
plied to  things  which  are  circular  or  curv- 
ing. 

Ringf  Armatnre. — An  armature,  like  the 
Gramme  armature,  whose  coils  are  wound 
upon  a  core  in  the  torm  of  an  iron  ring. 

Riasf  Clnteh. — A  ring  shaped  clutch  for 
homing  the  carbon  rod  of  an  arc  lamp,  and 
feeding  downward  to  maintain  the  arc. 

Rin^  Connected  Armatnre. — In  a  poly- 
phase system,  a  dynamo  armature  con- 
nected mto  tne  i^ystem  by  the  ring  con- 
nection. 

Rinff  Connection. — In  an  interlinked 
polyphase  svstem  of  alternating  currents, 
a  method  of  connecting  apparatus  into  the 
system  by  joining  the  circuits  of  the 
machine  together  in  dosed  circuit,  and  con- 
necting the  points  of  connection  of  adja- 
cent circuits  to  the  lines  of  the  system;  in 
a  three  phase  system  this  is  known  as  the 
ddla  (a)  connection. 

Ringf  Core. — ^An  armature  core  in  the  shape 
of  a  ring. 

Ring^  Current. — In  a  three  phase  ^nstem, 
the  current  flowing  between  adjacent 
conductors. 

Ringer. — ^The  telephone  calling  apparatus, 
consisting  of  a  magneto  generator  and  a 
call  bell  operated  by  it;  a  magneto  call  bell. 

Ringer  Colls. — The  windings  in  a  tele- 
phone ringer,  or  magneto  call  bell. 

Ringer  Magpiet. — A  permanent  magnet 
for  operating  a  magneto  call  bell,  or 
telephone  ringer. 

RiniHngr  Key. — A  key  or  switch  by  which 
a  telephone  operator  sends  a  callmg  cur- 
rent to  ring  a  subscriber's  belL 
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Ringf  Hagpaet* — A  magnetized  iron  ring. 

Rintf  Main* — ^In  a  83rBtem  of  electrical  dis- 
tribution, a  main  in  the  form  of  a  ring. 

Ring^  Off  Drop* — In  a  telephone  switch- 
board, a  drop  which  falls  when  a  sub- 
scriber "rings  off"  by  hanging  up  his  re- 
ceiver. 

Riny  Off  SipiaL — A  signal  given  at  the 
switchboard  of  a  telephone  station  when  a 
subscriber  hangs  up  his  receiver  at  the  end 
of  his  conveisation. 

Rinff  Oiling. — A  method  of  shaft  lubrica- 
tion often  employed  with  electric  machin- 
ery. Rings  ot  much  greater  diameter  than 
the  shaft  are  hnng  upon  it  with  their  lower 
portions  dipping  into  a  bath  of  oil.  As  the 
shaft  rotates  the  rings  travel  around  it 
carrying  oil  to  the  upper  surface  from  the 
oil  supply  into  which  tney  dip. 

Rin^  Potential. — In  a  three  phase  system, 
the  effective  potential  difference  between 
adjacent  conductors. 

RinMt  Electric. — Nobili's  rings  or  metal- 
lochromes.  A  phenomenon  which  may  be 
observed  when  a  solution  of  lead  is  sub- 
jected to  electrolysis.  If  the  anode  be  a 
plate  of  polished  metal  placed  horizontally 
m  the  liquid  beneath  a  platinum  wire  as  a 
cathode,  a  deposit  occurs  of  synmietrical 
rings  or  varying  thickness  exhibiting  the 
colors  of  the  rainbow. 

Ring^  Spajiner. — ^A  wrench  or  key  which 
completely  encircles  the  nut,  thus  giving 
a  perfect  grip  and  obviating  marks  on 
finished  work. 

Ring^  Up. — ^To  call  up  a  subscriber  from  a 
telephone  exchange  to  answer  a  call  from 
another  subscriber. 

Ring^  Winding^. — A  method  of  armature 
winding.  The  winding  is  continuous, 
every  second  turn  being  connected  to  a 
commutator  bar,  making  two  turns  per 
coil.  ^  This  method  is  not  much  used  ex- 
cept in  certain  generators  for  high  voltage 
or  large  current.  In  riuA  winding  it  is  customary 
to  stencil  upon  the  end  utces  a  number  of  radial 
lines  corresponding  in  breadth  to  the  separate 
sections,  so  aa  to  guide  the  winder  in  hia  work. 
The  separate  sections  of  the  coil  are  wound 
almost  invariably  on  the  cores  separately,  leaving 
the  ends  projecting,  secured  temporarily  with 
string,  and  these  ends  are  subsequently  connected 
together  and  to  the  commutator.  An  inexperi- 
enced workmaa  may  easily  oonneot  up  wrongly; 


making  a  left-handed  winding  instead  of  a  right- 
handed  one,  or  vice  vena. 

Rip  Rap. — In  civU  engineering,  broken 
stones  for  making  foundations  or  walls, 
especially  for  throwing  into  deep  water  to 
form  a  bed  for  further  work;  also,  a  founda- 
tion of  stones  thrown  loosely  together. 

Rise  of  Temperature  in  Dyiutiiio 
Armature. — Whenever  a  mass  of  metal 
is  rapidly  rotated  in  a  magnetic  field,  its 
temperature  rises,  the  heat  being  the  direct 
result  of  currents  of  electricity  which  are 
induced  in  the  metal  and  known  as  Fou- 
cault  or  edc^  currents.  Their  initial  direction  is 
at  right  angles  to  the  lines  of  force  of  the  mag- 
netic field,  and  also  at  right  ani^les  to  the  direction 
in  which  the  mass  moves.  It  is  possible  to  melt 
a  piece  of  a  metal  which  fuses  at  a  low  tem- 
perature bv  simply  spinning  it  rapidly  in  a  very 
strong  field. 

Risers. — 1.   In  indoor  wiring,  conductors 
rising  vertically  from  one  floor  to  another; 
vertical  mains. 
2.  In  a  water  tube  boiler,  the  up  flow 

pipes. 

Ritchie  Photometer. — A  form  of  photom- 
eter in  which  the  lights  are  fixed  at  the 
ends  of  a  bar,  and  the  illuminations  of  the 
screen  are  viewed  at  right  angles  to  the  line 
of  the  lights,  the  screen,  instead  of  the 
lights,  being  moved  to  equalize  the  illumina- 
tions. , 

River  Cable. — A  form  of  electric  cable 
suitable  for  running  across  a  river  bottom; 
a  subfluvial  cable. 

Riveted  Rail  Bond. — A  rail  bond  formed 
of  a  length  of  wire  or  cable  with  copper 
terminals  which  are  riveted  into  the  rails, 
across  the  joints. 


r«.»«»  Rail  Joint. — In  electric  traction, 
joint  between  the  ends  of  two  rails  formed 
by  riveting  steel  fish  plates  from  rail  to  rail. 

Rearing  Arc. — A  voltaic  arc  which  gives 
off  a  roaring  sound  when  the  carbons  are 
too  near  together;  a  noisy  arc. 

Rock. — In  geology,  any  natural  deposit 
forming  a  part  of  tne  earth's  crust,  whether 
consolidated  or  not,  including  sand,  earth, 
clay,  etc.,  when  in  natural  beds;  a  large 
fixed  stone  or  crag. 

Rocker  Arm. — 1.  A  stud  mounted  in  a 
ring  in  such  a  way  as  to  be  adjusted  or 
rocked  back  and  forth  in  order  to  fit  a 
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brush  to  its  sparkless  position  upon  a  com- 
mutator; a  brush  rocker. 

2.  In  a  steam  engine,  a  lever  vibrating 
about  an  axis,  as  in  various  types  of  valve 
gearing. 

Rock  Faced. — A  term  applied  to  masonrv 
where  the  center  part  of  the  face  of  each 
block  is  left  rough,  either  as  it  came  from 
the  (juarry,  or  else  simply  dressed  with  a 
spallmg  hammer.  The  outer  portion  is 
dressed  smooth  with  a  drafted  margin  from 
one  to  two  inches  wide  according  to  the 
size  of  the  stone. 

Rocking^  Switch.  —  A  switch  which 
changes  contacts  by  movement  about  an 
axis;  a  throw  over  switch. 

Rod  Clamp. — A  clamp  for  securing  the 
upper  carbon  of  an  arc  lamp  in  its  carbon 
rod. 

Rod  Clutch. — A  clutch  for  gripping  the 
carbon  rod  of  an  arc  lamp,  and  controlling 
its  downward  movement  in  feeding  for- 
ward the  positive  carbon. 

Roddiiii^. — In  underground  cable  construc- 
tion, a  method  of  drawing  a  cable  into  a 
conduit;  it  consists  in  joining  a  number  of 
rods  end  to  end  and  pushing  them  into  the 
duct  one  after  another  until  the  first  ap- 
pears at  the  next  inanhole,  when  a  rope 
drawing  the  cable  is  attached  to  the  last 
rod  inserted,  and  the  whole  is  pulled 
through. 

Rod  Switch* — ^A  switch  operated  by  push- 
ing a  rod. 

Rocblin^  OanjM. — A  wire  gauge  used 
almost  universally  in  the  United  States  for 
iron  and  steel  wire.  Also  known  as 
Washburn  and  Moen's  wire  gauge. 

Roentg^en^am  or  Roentg^en^aph. — 

A  name  sometimes  given  to  an  image  of 
some  object  taken  by  means  of  Roentgen  or 
X-rays  upon  a  photographic  plate;  usually 
called  radiograph. 


_  i»^s. — A  peculiar  form  of  rad- 

iation usually  Known  as  X-rays,  discovered 
by  Prof.  Roentgen  in  1895.  In  experiment- 
ing with  Crookes  tubes  he  found  tnat  if  the 
cathode  rays  from  the  negative  terminal 
were  focused  upon  a  platinum  reflector,  a 
type  oi  invisible  radiation  resulted,  having  Te- 
markable  properties.  These  rays  have  great 
penetrating  power,  passing  freely  through  aiumi- 
Bunif  linot  wood*  paper  and   flesh,  but   being 


stopped  by  platinum,  lead,  bone,  eto.  They 
a£Fect  photographic  plates  and  excite  phosphor- 
escence in  certain  substances,  strongly  ionizing 
the  air  through  which  they  pass.  By  means  of 
these  rays,  in  connection  with  a  photographic 
plate,  shadow-like  pictures  may  be  taken  of  the 
mterior  of  opaque  bodies.  On  this  account, 
Roentgen  rays  are  employed  in  medicine  and 
surgery  to  locate  foreign  bodies  and  determine 
unusual  conditions  in  the  human  body. 

Roontflren  Tube. — An  X-ray  tube.  A 
form  of  Crookes  tube  developed  by  Roent- 
gen in  1895  in  his  experiments  with  cathode 
rays.  It  consists  of  an  exhausted  glass 
chamber  fitted  with  electrodes  so  that  the 
cathode  rays  from  the  negative  terminal 
are  focused  upon  a  platinum  reflector,  from  which 
a  still  more  penetrating  kind  of  radiation  ema- 
nates, known  as  Roentgen  or  X-rays. 

Reent^n»    Wilhelm    Konrad.  —  Bom 

1845.  A  German  physicist  and  experi- 
menter. While  professor  of  physics  in  the 
University  of  Wtirtzburg  in  Bavaria,  he 
began  in  1895  investigations  of  the  cathode 
rays  of  a  Crookes  tube,  resulting  in  the 
discovery  of  a  new  and  remarkable  form  of 
radiation  now  known  as  Roentgen  or 
X-rays. 

Roent^am  or  Roont^aph. — A  name 
sometunes  given  to  a  radiograph,  an  image 
of  some  object  produced  on  a  photo- 
graphic plate  by  means  of  the  Roentgen  or 
X-rays. 

Rof^t's  SpiraL — ^An  experiment  to  show 

the  attraction  of  parallel  currents;  a  spiral 

of  copper  wire  is  hung  from  a  binding  screw 

so  that  its  lower  end  just  tips  in  a  mercurv 

cup.     When  a  current  is  passed  through 

the  circuit  thus  formed,  tne  coils  of  the 

si)iral  attract  one  anotner  and  contract, 
raising;  the  tip  from  the  mercuxy  surface  and 
breakmg  the  circuit;  the  circuit  bemg  broken,  the 
eoils  relax,  the  circuit  is  again  completed  through 
the  mercury,  and  the  performance  repeated. 

Rolled  Iron. — Iron  or  steel  bars  or  sheets 
that  have  been  brought  to  uniform  dimen- 
sions by  bein^  passed  through  a  rolling 
mill.    Steel  rails  are  produced  by  rolling. 

Rolled  Shaftinfif. — Shafting  which  is  fin- 
ished to  size  between  special  rolls,  thus 
avoiding  the  necessity  of  turning  it. 

Roller  Bearinif. — ^A  bearing  in  which  the 
journal  rests  upon  and  is  surrounded  by 
hardened  steel  rollers  which  revolve  in  a 
race  surroimding  the  shaft.  Friction  is 
reduced  by  its  taking  place  on  a  line,  where 
the  shaft  and  the  roller  touch  each  other, 
instead  of  over  a  surface,  as  with  an 
ordinary  brass. 
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Reller  Chain. — ^A  form  of  chain  used  In 
power  transmission.  It  consists  of  a  series 
of  pairs  of  rollers,  known  as  center  blocks, 
similarly  joined  by  side  links.  Each  roller 
rotates  loosely  on  a  hollow  core,  which  is 
turned  to  smaller  diameter  at  either  end  to 
fit  a  perforated  side  piece  joimng  the  roUere  into 
paixs.  The  side  links  are  set  over  these  aide 
pieces  and  bolted  in  place  through  the  cores. 

In  operation,  a  block  chain  with  generous  slack 
is  liable  to  meet  the  sprocket  with  a  clapping  that 
at  high  speed  becomes  a  eontinuous  rattle.  The 
roller  chain  laml^  avoids  this  trouble.  Further- 
more, being  obviously  easier  in  operation,  it 
economises  power.  Borne  authorities  estimate  its 
efficiency  in  driving  as  hu^  as  ninety  eight  per 
oentb  under  favorable  ccmditions. 

Rollinff  Cirele. — ^In  drawin(;  and  design- 
ing wheel  teeth,  the  circular  pitch  line  upon 
wmch  the  generaiing  circle  is  assumed  to 
roU. 

BoUin^  Contaet* — Ckmtact  between  a 
rotating  body  and  the  smooth  surface 
which  supports  or  embraces  it,  as  with  a 
wheel  revolving  on  a  rail. 

Rellin^  BesistaAce* — ^The  frictional  load 
imposed  by  pressure  upon  or  between  a 
revolving  boav  and  a  smooth  surface;  as, 
between  a  shaft  and  its  bearing,  when  there 
is  no  relative  movement  of  the  parts  in 
contact.  The  friction  is  much  1ms  than 
sliding  friction. 

Reman  Cement, — ^A  natural  hydraulic 
cement,  obtained  by  calcining  and  grinding 
septaria  or  nodules  found  in  the  chalk  in 
various  places.  It  has  considerably  less 
strength  than  Portland  cement,  but  has 
the  advantage  of  setting  very  quickly. 

Roof  Bracket  or  Standard* — ^In  over- 
head wiring,  a  form  of  bracket  provided 
with  insulators  for  carrying  wires  over  a 
roof. 

Roof  Trass. — ^A  set  of  tension  and  com- 
pression pieces,  so  arranged  as  to  support 
the  weight  of  the  roof. 

Room  CalL— An  electric  signaling  system 
b  V  which  calls  may  be  sent  from  the  room 
of  a  hotel  to  the  office  for  any  service  re- 
quired. 

Rope. — ^A  coQstniction  of  twisted  fiber,  as 
of  iron,  steel,  manila  and  hemp,  so  inter- 
twined as  to  form  a  thick  cord  capable  of 
sustaining  a  severe  strain.  The  distinction 
between  a  cord  and  a  rope,  other  than  wire, 
is  made  at  one  inch  circiunf  erenoe,  although 


in  common  speech,  smaller  sises  are  often  called 
rope.  Ropes  are  ranked  by  seamen,  under  two 
descriptions,  cable  laid  and  hawser  laid;  the 
former  composed  of  nine  strands,  or  three  great 
strands,  each  consisting  of  thxee  small  ones;  the 
latter  made  with  three  strands,  each  composed  of 
a  certain  nimiber  of  rope  yams. 

Repe  Blocks. — Lifting  tackle  in  which  a 
running  rope  is  emploved;  except  for  very 
heavy  weights  rope  blocks  are  far  handier 
for  erecting  and  repairing  work  than  chain 
blocks,  whether  differential  or  geared. 

Repe  Crane» — A  traveling  crane  driven 
by  an  endless  rope  of  cotton  or  hemp.  The 
source  of  power  may  be  attached  to,  or  be 
at  a  distance  from  the  crane.  The  cord 
travels  at  a.  very  high  speed,  so  that  a 
minimum  of  power  is  required  to  lift  a 
heavy  load.  The  tension  of  the  cord  is  main- 
tained, and  its  slack  taken  up  by  tightening 
puUevs  having  their  bearings  in  sbding  frames, 
whicn  are  counterbalanced  by  suspended  balanoe 
weights. 

Rope  Drive* — ^The  transmission  of  power 
by  means  of  rope  gearing,  the  ropes  oeing 
oi  either  hemp  or  cotton,  varying  in  di- 
ameter from  I  to  2f,  The  speed  of  ropes 
is  from  3000  to  7000  feet  per  minute,  4500 

being  the  average.  The  pulleys  are  usually 
of  cast  iron,  the  grooves  on  their  surfaces  being 
from  37^  to  45°,  the  latter  being  the  most  common 
anf(le.  Joints  are  made  by  splicing,  the  splice 
bemg  15  diameters  in  length,  while  the  pulley 
should  not  be  less  than  30  times  the  diameter  of 
the  rope.  Two  plans  are  in  use,  one  with  inde- 
pendent ioi>es,  suitable  for  transmittinf^  power 
from  an  engine  to  numerous  lines  of  shaftmg;  the 
other,  where  only  one  rope  is  used,  passing  around 
all  the  grooves  in  turn  and  being  kept  taut  by  a 
tightener  or  jockey  pulley,  this  laat  is  very  useful 
for  drives  at  awkward  angle?  or  supplying  power 
in  series  to  a  number  of  small  units,  with  either 
plan  the  lower  side  should  always  be  the  drivio^ 
side,  and  with  the  independent  rope  drive,  a  gooa 
horisontal  sag  should  be  given. 

Rope  Guard. — A  rope  arranged  as  a  pro* 
tection  along  dangerous  passages. 

Rope  Transmiislon. — Driving  machinery 
by  power  transmitted  by  cables  or  ropes. 

Ropeway. — ^A  line  of  wire  ropes,  suspended 
in  air  from  derricks  or  pillars,  upon  which 
articles  may  be  transported  in  buckets  or 
slings  depending  from  the  rope,  the  car- 
riers being  usually  hauled  back  and  forth 
by  smaller  ropes  wound  in  or  out  bv  wind- 
lasses. Much  used  in  mining  ana  other 
operations  for  transport  over  rough  or  tin- 
even  country. 

Rosette. — ^In  electric  wiring,  a  device  con- 
taining the  terminals  and  fuses  from  which 
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a  pendant  lamp  is  suspended  from  a  oeil- 
ing;  a  ceiling  cut  ottt. 

Rotary. — 1.  Turning  as  a  wheel  upon  its 
axle,  as  opposed  to  Imear  or  reciprocal. 

2.  So  constructed  as  to  rotate  on  or 
around  a  shaft  or  axis. 

Rotary  Converter. — ^A  dynamo  for  gene- 
rating both  direct  and  alternating  currents; 
if  conductors  be  led  from  the  armatm^e  of  a 
direct  current  machine  to  collector  rings, 
alternating  currents  ma^  be  obtained;  if  the 

machine  be  run  as  a  direct  current  motor 
alternatinc  ourrents  may  he  had  at  the  ooUector 
rings;  and  if  run  as  a  synchronous  altematins 
current  motor,  direct  current  may  be  obtained 
from  the  commutator;  a  rotary  traruformer. 

Rotary  Converter  Snbstation. — In  an 

electnc  traction  system  employing  alternat- 
ing currents,  a  sub-station  to  reduce  high 
potential  alternating  current  to  low 
potential  alternating  current,  and  then  to 
convert  it  into  direct  current  at  proper 
potential  to  feed  into  the  trolley  line. 

Rotary  Currents. — Polyphase  currents 
combined  so  as  to  produce  a  rotary  mag- 
netic field;  rotatory  currents;  drekstrom. 

Rotary  •  Electrotype. — In  printing,  a 
form  of  electrotype  with  an  arched  or 
convex  siurface  for  fitting  into  the  cylindri- 
cal surface  of  a  rotary  press. 

Rotary  Field. — ^An  electromagnetic  field 
produced  by  a  combination  of  alternating 
currents  differing  in  phase,  such  that  a 
suitably  wound  armature  if  placed  in  the 
field  will  rotate  because  of  induced  cur- 
rents. The  action  of  the  induction  motor 
depends  upon  the  creation  of  a  rotary  field. 

Rotary  Field  Motor. — A  term  sometimes 
appUed  to  the  induction  motor  which  is 
operated  by  a  rotary  magnetic  field  created 
by  the  stator  that  induces  currents  in  the 
rotor  conductors. 

Rotary  Hac^etism. — ^The  magnetism  ex- 
isting in  a  rotary  magnetic  fielcL 

Rotary  Phase  Converter, — A  machine 
for  converting  from  an  alternating  current 
system  of  one  or  more  phases  to  an  alter- 
nating current  system  of^a  different  number 
of  phases,  but  of  the  same  frequency. 

Rotary  Pomp. — One  which  has  a  circular 
motion;  a  pump  whose  piston  or  pistons 
partake  of  the  natiu«  of  cams,  rotating 


upon  an  axis  and  being  in  contact  at  one  or 
more  points  with  the  walls  of  the  enclosing 
chamber.  A  rotary  pump  differs  from  a 
oentrif usal  in  that  the  latter,  by  means  of  a  fan 
or  impeller,  imparts  velocity  to  a  stream  of  fluid, 
while  the  rotary  pump  continuously  scoops  the 
fluid  from  out  its  chamber. 

Rotary  or  Rotating^  Currents. — ^Alter- 
nating currents  displaced  in  phase  relative 
to  each  other  so  as  to  proauce  a  rotary 
magnetic  field,  as  when  two  alternating 
ciurents  are  displaced  in  phase  by  90  de- 
grees or  three  currents  by  120  degrees. 
Induction  motors  operate  by  rotary  cur- 
rents. 

Rotary  Valve. — A  valve  in  which  the 
disc,  plug  or  other  device,  used  to  close  the 
passage,  is  made  to  rotate  back  and  forth 
for  opening  or  closing;  as,  the  Corliss  vaive. 

Rotating^  Brushes. — ^Metal  discs  some- 
times caused  to  rotate  about  the  commuta- 
tor of  a  dynamo  armature  to  draw  off  the 
current,  in  place  of  the  usual  conmiutator 
brushes. 

Rotation. — ^The  act  of  turning  upon  an 
axis  or  center;  as,  a  wheel  upon  its  axis. 

Rotator. — In  photometry,  a  device  oper- 
ated by  an  electric  motor  for  rotating  an 
incandescent  lamp  about  a  vertical  axis 
in  order  to  obtam  the  mean  horizontal 
candle  power,  as  the  light  given  by  the 
lamp  varies  in  different  planes. 

Rotometer. — In  submarine  cable  opera- 
tions, an  instrument  attached  to  a  cable 
laying  drum  or  sheave  to  measure  the 
length  of  the  cable  as  it  passes  over  the 
drum. 

Rotor. — 1.  In  a  dynamo,  or  other  machine, 
the  part  which  rotates. 

2.  In  an  induction  motor,  the  rotating 
part,  which  is  usually  the  armatiu^,  as 
distinguished  from  the  stator  or  fixed  part. 

3.  In  a  steam  turbine,  a  part  of  a  ma- 
chine which  revolves  as  compared  with  that 
which  remains  stationary^  or  the  atator.  The 
term  was  originally  apphed  to  the  revolving 
part  of  an  alternating  or  polyphase  generator,  as 
m  some  dvnamos  the  field  magnets  are  revolved, 
while  with  othen,  the  armature  is  the  moving 

Sortion,  and  a  general  designation  was  necessary, 
ince  the  advent  of  the  steam  turbine,  the  same 
appellation  has  been  given  to  the  drum  or  wheel, 
furnished  with  blades,  which  is  driven  by  the 
steam. 

Rotor  Armature. — ^A  rotating  armature. 

Rotor  Coils. — ^The  winding  of  a  rotor 
armature. 


Rotor  Currents. 


376 


RuhfnJcorff*8  Coil. 


Rotor  Currents. — Currents  produced  by 
a  rotating  armature. 

Rotor  Field. — ^The  electromagnetic  field 
generated  by  a  rotating  armature. 

Rotor  Slots. — Openings  punched^  in  the 
circumference  of  the  rotor,  or  rotating  part 
of  an  induction  motor,  for  the  reception  of 
the  windings.  The  number  of  slots  in  the 
rotor  per  pole  per  phase  must  be  prime  to 
that  of  the  stator  in  order  to  avoid  dead 
points  at  starting,  and  to  insure  smooth 
running. 

Rotten  Stone. — A  name  given  to  the  re- 
siduum of  naturally  decomposed  impure 
limestone,  and  also  sometimes  applied  to  a 
sort  of  infusorial  earth  known  as  "tripoli." 
It  is  sometimes  employed  in  packings  and 
in  insulation  compounds. 

Rong^h  Dimension. — ^In  mechanics,  it  is 
necessary  to  give  certain  allowances  of 
extra  thickness  of  metal  in  all  work  which 
has  to  be  machined,  whether  castings  or 
forgings,  so  that  they  are  larger  by  this 

amount  than  the  finished  dimensions. 
These  are  called  the  rough  dimensions,  and  in  the 
pieces  of  work,  whether  rough  castings  or  rough 
xoiigings,  so  long  as  sufficient  thickness  is  allowed 
for  machining,  very  close  accuracy  ia  not  looked 
for,  nor  is  it  neoesaaiy. 

*  

Round  Wire  O&ag^e. — A  form  of  wire 
gauge,  such  as  the  American  and  Birming- 
ham wire  gauges,  consisting  of  a  circular 
metal  disc  with  graduated  notches  cut 
around  the  circumference. 

R.  P.  M. — Abbreviation  for  revolittiona  per 
minute, 

R.  P.  S. — Abbreviation  for  revolutions  per 
second, 

R.  O. — A  signal  used  in  submarine  teleg- 
raphy to  ask  for  the  repetition  of  any 
doubtful  portion  of  a  message. 

Rubber. — As  applied  to  insulation,  rubber 
is  used  in  many  ways.  In  the  form  of  a  thin 
plastic  mass  it  may  be  laid  over  a  wire  and 
then  vulcanized.  It  may  be  used  as  tape 
for  direct  insulation  or  for  making  joints. 
As  vulcanite  or  ebonite  it  may  be  used  as 
plates,  tubes,  rods,  switch  handles,  etc. 

Rubber  Covered  Wire. — A  conductor 
for  interior  wiring  consisting  of  a  tinned 
copper  wire  with  a  rubber  covering,  pro- 
tected by  an  outside  braiding  of  cotton 
saturated  with  a  preservative  compound. 


Rubber  InsuUttor. — ^A  form  of  line  wire 
insulator  made  of  india  rubber,  and  con- 
taining an  iron  hook,  often  used  on  the 
under  side  of  cross  arms,  especially  on  roof 
fixtures. 

Rubber  of  Electric    Machine. — In  a 

frictional  machine,  a  cushion  of  leather 
which  presses  against  the  rotating  disc  or 
cylinder. 

Rubber  Solution. — ^India  rubber  or  caout- 
chouc dissolved  in  benzine  or  bisulphide  of 
carbon,  forming  a  cement  for  securing  in- 
sulating tape,  etc.,  on  electrical  apparatus. 

Rubber  Substitute. — Anv  manufactured 
compound  designed  to  take  the  place  of 
india  rubber  by  providing  similar  pro- 
perties at  less  cost  of  production.  They 
are  sometimes  used  to  mix  with  pure  rub- 
ber for  reducing  the  cost  without  injuring 
the  efficiency. 

Rubber  Tape. — A  specially  prepared  in- 
sulating, aohesive  tape  impregnated  or 
coated  with  india  rubber. 

Rubbing  Contact  Key. — A  key  which 
makes  an  electrical  contact  by  rubbing 
between  contact  parts. 

Rubble. — ^Water  worn  or  rough  stones, 
broken  bricks,  etc.,  used  in  coarse  masonry, 
or  to  fill  up  between  waUs;  thin  or  irregular 
stones  built  up  without  regard  to  courses. 

Rubble  Arch.^ — An  arch  composed  of  ir- 
regular or  broken  stone  or  fragments  of 
stone  mingled  with  cement  or  clay;  when 
building  an  arch  of  rubble  stones,  care 
should  be  taken  that  they  are  long  and  nar- 
row, and  roughly  dressed  to  a  wedge  shape. 
They  should  be  set  in  cement  mortar,  as 
their  stability  largely  depends  upon  the 
mortar. 

Ruhmkorif*  Heinrich  Daniel. — ^Bom 
1803,  died  1877.  A  German  electrician; 
inventor  (1851)  of  the  induction  coil  which 
bears  his  name. 

Ruhmkorlf*s  Coil. — A  form  of  induction 

coil  perfected  by  Ruhmkorff :  it  consists  of 

two    insulated    coils:   one,    the    primary, 

having  few  turns  of  comparatively  coarse 

wire,  and  the  other,  the  secondary,  with 

many  turns  of  fine  wire,  wound  upon  a  hol- 
low cylinder  enclosing  a  core  of  soft  iron  wires; 
the  primary  is  joined  to  a  battexy,  and  includes 
an  interrupter  and  commutator. 

The  number  of  magnetic  lines    created   and 
destroyed  at  each  make  and  break  is  the  same,  but 
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by  the  use  of  a  oondenfler,  the  current  at  make  I0 
caused  to  take  a  considerable  f  motion  of  time  to 
(TOW,  while  at  break  the  oeesationiB  instantaneous. 
The  rate  of  cutting  of  the  magnetic  lines  is  there- 
fore much  greater  at  break  than  at  make.  The 
effect  of  the  condenser  is  to  suppress  the  counter 
current  at  make  and  to  increase  the  direct 
electromotive  force  at  break.  The  sparks  are 
longer,  and  pass  only  one  way.  The  condenser 
does  this  by  the  aotioa  kDOwn  -as  electric 
remmance. 

Rulmikorff**  Commut&tor. — A  current 
reverser  designed  to  reverse  the  direction  of 
the  battery  current  sent  through  the 
primary  of  a  RuhmkorfiTs  coil. 

Rvmble. — ^A  rotating  cask  or  box  in  which 
small  articles  are  polished,  preparatory  to 
electroplating,  by  the  friction  against  one 
another  as  the  rumble  turns. 

Rmnford**  Photometer. — ^The  shadow 
I)hotometer  devised  by  Rumford.  It  con- 
sists of  a  ground  glass  screen  in  front  of 
which  is  fixed  an  opaque  rod,  shadows  of 
which  are  thrown  on  the  screen  by  the  two 

lights  to  be  compared.  When  the  lights 
are  adjusted  so  that  the  intensities  of  Iheir 
shadows  are  the  same,  the  intensities  of  the  lights 
are  proportk>nal  to  the  square  of  their  <fM«*«^ftw 
from  the  screen. 

Baa  Down  Cell. — A  cell  that  has  become 
inactive  through  polarization  or  exhaus- 
tion. 

Bunnlnif  aa  Engine. — ^The  act  or  art  of 
attendance  upon  a  prime  mover,  main- 
taining it  in  a  proper  condition  for  safe  and 
economical  running,  seeing  that  all  parts 
are  properly  lubricated  wnile  in  motion, 

and  making  such  repairs  and  adjustments 
as  are  necessary  for  its  best  efficiency.  By  ex- 
tension, the  care  of  the  engine  includes  care  for 
the  boiler  or  other  means  of  producing  the  work- 
ing fluid,  the  greatest  responsibility  of  an  attend- 
ant being  to  maintain  a  proper  water  level  in  the 
boiler.  The  oroceeses  of  Keeping  internal  surfaces 
free  from  scale,  heating  surfaces  clean  from  soot, 
tomther  with  the  adoption  of  economical  methods 
of  nring,  prompt  repair  of  small  leaks,  avoidance 
of  corrosion,  straining  by  rapid  steam  raising,  and 
waste  of  steam  by  blowing  off,  all  mark  the 
careful  engineer  of  a  steam  plant. 

Rnnninif  Board. — ^In  pole  line  construc- 
tion,  a   device   sometimes  employed   for 

^  heavy  work;  it  consists  of  a  board  to  which 
the  wires  are  fastened  and  which  is  drawn 
by  horses  away  from  the  reels  from  pole  to 
pole,  the  wires  being  passed  over  the  cross 


arms  and  fastened  to  the  insulators  by 
linemen  stationed  upon  each  pole. 

Bnnnlng  Fit. — That  fit  in  practical  me* 
chanios  where  one  part  will  run  in  another 
when  lubricated,  the  amount  of  difference 
between  the  male  and  the  female'  part 
depending  upon  the  class  of  the  work. 
Thus,  for  a  2  inch  shaft,  the  hole  would 
be  bored  from  .0015  to  .0035  inch  larger, 
the  latter  size  giving  a  very  easy  fit. 

Running  Orer. — ^In  steam  engineering,  an 
engine  is  said  to  run  over  when  the  valve 
is  so  set  that  tb^  top  of  the  fly  wheel  rim 
runs  away  from  the  cylinder. 

Runnlnif  Position  of  Controller.— The 

position  of  the  handle  of  a  car  oontroUer 
when  the  car  is  in  motion. 

Runninff  Torque  of  Motor. — The  torque 
developed  by  a  motor  in  running. 

Runnin|f  Under. — ^In  steam  engineering, 
an  en^e  is  said  to  run  under  when  the 
valve  IS  so  set  that  the  bottom  of  the  fly 
wheel  rim  runs  away  from  the  cylinder. 

» 

Runway. — 1.  The  channel  or  bed  of  a 
stream. 

2.  The   elevated    tracks   for   traveling 
cranes,  hoists,  and  parcel  carriers. 

Russia  Iron. — ^A  special  kind  of  sheet  iron 
manufactured  in  Russia  and  used  for 
lagging  engines,  boilers,  ete.  It  is  made 
by  a  secret  process,  which  produces  an  iron 
that  has  a  very  hard  and  highly  polished 
surface,  thus  rendering  it  easy  to  keep 
clean.  A  similar  material  is  produced 
elsewhere  under  the  name  of  planished  iron* 

Rust. — ^The  reddish  or  brownish  yellow 
coating  on  iron  exposed  to  moist  air;  an 
oxide  of  iron  which  forms  a  rough  coat  on 
its  surface. 

Rust  Joint«r-^A  joint  employed  by  engi- 
neers where  it  is  nece8sar3r  tp  withstand 
high  water  pressure,  the  joint  being  filled 
with  a  paste  which  oxidizes  the  iron,  the 
whole  rusting  together  and  hardening  into 
a  solid  mass.  A  ^ood  recipe  is  80  lbs.  cast 
iron  borings  or  filmgs,  1  lb.  sal  anmioniac, 
2  lbs.  flowers  of  sulphur,  mixed  to  a  paste 
with  water. 


•«--.,«  • 


2.  Abbreviation  foi 
smiA  tteking  pole  of  a 
net. 


S»ddl«  Bracket.— A  bracket  erected  up<Hi 
tha  top  of  A  telsKTaph  pole  tor  supporting 
the  insubtor  for  the  saddle  wire. 

Saddle  Wire. — A  line  wire  carried  by  a 
saddle  bracket  upon  the  top  of  a  telegraph 


S«A  OanTiny  Ca.p»elt]r. — The  maxi- 
mum  current  strength  that  s  conductor  can 
safely  carry  without  dangerous  heating. 

Bmt^  Xntamal  Preaanre,— The  safe  in- 
ternal pressure  on  cylindrical  shells  is 
found  according  to  the  following  rule, 
which  has  been  adopted  by  tbe  United 
States  Board  oF  Supervising  Inspectors,  and 
any  boiler  shell  can  be  det«muned  by  this 
rule:  Multiply  ma  aixth  of  the  lovat  tensils 
■trovth  tound  (1010116(1  on  any  pIkM  in  the 
orUndiiaJ  ■hell  by  the  thicbinB  exprased  ia 
Inoha  or  parW  of  an  inch  of  the  thiuDat  pl&te 
in  tike  wune  ^lindriokl  abeD,  and  divide  by  the 
nditu  of  hktt  diameter,  abo  expreewd  ia  inchn. 
■nd  tha  imilt  will  be  the  prenun  allowable  per 
—" ' — ' 1^  riveting,  to  which 


addtwi 


Id  twco^  per  cent  for  dc 


igleii' 


Bmtm  Load. — The  amount  of  loading  or  of 
force  which  may  be  borne  without  risk  by 
a  structure,  or  bv  any  one  of  its  members. 
Not  only  should  the  safe  load  be  but  a 
fraclJoa  of  tbe  ultimate  strength  of  the 
piece^  but  it  should  alao  lie  well  within  tbe 
elastic  limit  of  the  materiaL 

-Tn  building,  an  arch  fonned 
,  if  a  wall,  as  over  a  door  or 
window,  to  distribute  and  relieve  the 
pressure. 


SalMr  Device  for  M nUiple 

Cirenit. — A  safety  fuse  for 
cutting  a  branch  circuit  or  re- 
ceptive device  out  erf  a  mul- 
tiple circuit  syetem  when  the 
current  becomes  excessive. 

Saftt^  Factor,—!.  The  ratio  betweoi  the 
maximum  electric  pressure  which  a  trans- 
former Is  designee]  to  sustain,  and  tbe 
normal  pressure  which  it  is  expected  to 
carry  during  operation. 

.  2-,,  The  number  ot  time*  the  ultimate  or 
bruUng  itrenctfa  nt  the  msteii&l  or  Btnittura  » 
oceisaea  to  exoeed  the  otnine  to  whieh  anything 
to  put  m  nrdinan'  eircumatances.  The  safety 
factor  vanes  sreatfar,  depending  on  tbe  nature  of 
tbs  load  an/the  material  used  in  eonstructkai. 
Abo  cklled  factor  o/ (a/<<y. 

8»fety  Fnae. — A  device,  usually  consisting 
of  a  wire  or  strip  of  a  fusible  conducting 
ntetal,  such  as  an  alloy  of  tin,  introduced 
into  a  circuit  for  the  purpose  of  protecting 
apparatus  and  buildings  from  damage  by 
an  unduly  strong  current,  the  fuse  melting 
and  opemng  the  circuit  tbe  moment  the  cur- 
rent strength  exceeds  a  definite  limit;  also 
called  tafely  cat  otO. 

Safotr  Tmm  Block.— a  block  of  porcelain 
or  other  insulating  material  upon  which  one 
or  more  safety  fuses  are  mounted. 

Safety  Lamp, — An  incandescent  lamp 
specially  designed  for  use  in  mines  and 
similar  places  where  there  is  danger  of  fire 
damp  or  other  explosive  conditions. 

SafetT'  Link — ^A  link  fuse  for  use  on  low 
voltage  circuits,  consisting  of  a  link  or 
Strip  of  fusible  material  which  melts  and 
opens  the  circuit  when  tbe  current  become 
too  strong. 

Safety  Pl«^.— J,  A  pluK  provided  with  a 

safety  electncal  fuse  so  that,  when  inserted 
in  a  socket,  the  circuit  is  completed  and 
protected  by  the  fuse. 

2.  A  hoUow  plug,  filled  with  a  lead  tin 
alloy,  which  melta  at  a  point  slightly  above 
tha  i-mneratute  of  the  sleaai  in  a  Boiler,     But* 
roof  of  the' 


IS,, „.  .„. 

chamber,  and  are  deaiiBued  it 


It  if  the  walw  I 


Safety  Valve, 


379 


Saturation. 


runs  low,  thus  putting  out  ihe  fire  and  preventing 
over  heating  of  the  plates.  Abo  Jcnown  as 
JutibU  plug. 

Safety  Valve. — ^A  circular  valve  seated  on 
the  top  of  a  steam  boiler,  and  weighted  to 
such  an  extent,  that  when  the  pressure 
of  the  steam  exceeds  a  certain  pomt,  the 
valve  is  lifted  from  its  seating  and  allows 
the  steam  to  escape.  Safety  valves  may 
be  loaded  directly  with  weights,  or  the  load  may 
be  transmitted  to  the  valve  by  a  lever.  Again, 
the  end  of  the  lever  is  sometimes  held  down  by 
a  soring,  or  the  spring  may  be  applied  diieotly 
to  the  valve  seat. 

Sag^. — The  extent  to  which  a  wire  dips  by 
its  own  weight  at  the  middle  of  the  span 
between  two  points  of  support. 

Safif  Error. — In  pole  line  construction,  an 
error  in  computation  arising  from  failure  to 
allow  adequately  for  sag  in  the  wires. 

SwLg  of  Belt. — In  the  location  of  shafts  that 
are  to  be  connected  with  each  other  by 
belts,  as  between  an  engine  and  a  dynamo, 
care  should  be  taken  to  seciu^  a  proper 
distance,  one  from  the  other.  This  ais- 
tance  should  be  such  as  to  allow  of  a  gentle 
sag  to  the  belt  when  in  motion.  A  general  rule 
may  bo  stated  thus:  Where  narrow  belts  are  to 
be  run  over  small  pulleys,  15  feet  is  a  good 
average,  the  belt  havm^  a  sag  of  li  to  2  inches. 
For  larger  belts  workmg  on  large  pulleys,  the 
distance  should  be  25  to  30  feet,  the  belts 
working  well  with  a  sag  of  4  to  6  inches. 

Saint  Elmo**  Fire. — A  name  given  by 
sailors  to  a  form  of  glow  electric  discharge 
sometimes  appearing  under  certain  weather 
conditions  at  sea  as  a  pale  blue  flame  at  the 
tops  of  the  masts  or  the  tips  of  the  spars; 
the  corposant 

Sal  Ammoniac. — Ammonium  chloride.  ^  A 
substance  chiefly  obtained  by  distillation 
of  the  ammoniacal  liauor  of  gas  works, 
neutralization  with  hyarochloric  acid,  and 
concentration  of  the  liquid  by  evaporation 
until  crystals  are  formed.  The  chloride  is 
very  soluble  in  wnt^r,  and  is  used  to  a  great 
extent  as  the  electrolyte  in  open  circuit  primary 
cells.  In  electroplating  it  serves  as  a  ooaducting 
salt  for  many  baths. 

Salient  Poles. — The  poles  of  a  dynamo  or 
motor  field  magnet  occurring  at  the  ends 
of  the  pole  pieces,  as  distinguished  from 
consequent  potes. 

Salinometer. — A  glass  or  metal  instrument 
by  which  the  density  of  salt  water  is  as- 
certained. It  consists  of  a  weighted  bulb, 
to  which  is  attached  a  graduated  stem,  and 


its  action  is  to  indicate  the  amount  of  salt 
held  in  solution  in  the  water,  by  floating 
higher  or  lower;  higher  for  density,  lower  for 
freshnesss.  Some  are  graduated  into  33rdB  and 
some  into  32nds,  each  representing  about  five 
oimces  of  salt  to  a  gaUcni  of  water. 

Salt. — 1.   In  chemistry,  the  neutral  com- 

Eound  formed  by  the  union  of  an  acid  and  a 
ase;  thus,  sulphuric  acid  and  iron  form  the 
salt  of  sulphate  of  iron  or  green  vitriol. 

2.  The  chloride  of  sodium,  a  substance 
used  for  seasoning  food,  for  the  preserva- 
tion of  meat,  fish,  etc.  It  is  found  native  in  the 
earth,  and  ,18  also  produced  by  evaporation  and 
crystalfisation  from  sea  water  and  other  water 
impregnated  with  saline  particles. 

Salted  Carbon. — An  arc  lamp  carbon 
impregnated  with  metallic  salts  such  as 
calcium  or  magnesium,  for  use  in  the 
flaming  arc  lamp. 

Sand  Barrel  Setting^. — In  pole  line  con- 
struction in  loose  or  sandv  soil,  a  barrel 
filled  with  earth  used  as  a  base  into  which 
the  butt  of  the  pole  is  set. 

Sand  Bendinff. — The  process  of  bending 
lead  or  other  pipes  after  having  first  filled 
them  with  sand  and  plugged  the  ends. 

Sand  Box. — ^In  electric  traction,  a  box  of 
sand  carried  bv  a  car  for  the  purpose  of 
sprinkling  it  along  the  track  in  order  to 
prevent  slipping  of  the  wheels. 

Sandstone. — A  rock  made  of  sand,  more  or 
less  firmly  united.  Siliceous  sandstone 
consists  mainly  of  ouartz  sand,  but,  if  verv 
hard,  it  is  often  called  grit.  Granitic  sancl- 
stone  consists  of  granitic  sand;  argillaceous 
sandstone  contains  much  clay. 

Sandy  Deposit. — In  electroplating,  a  de- 
posit of  a  granular  character  which  results 
when  the  electric  current  is  too  strong. 

Sash  Lines. — In  pole  line  construction, 
ropes  employed  to  raise  telegraph  poles 
of  such  size  and  weight  as  to  require  the 
use  of  a  derrick. 

Saturated  Fluz. — Lines  of  magnetic  force 
sufficient  to  produce  in  a  magnet  a  state 
of  saturation. 

Saturated  Solution. — ^A  liquid  which 
holds  in  solution  all  that  it  can  dissolve  of  a 
substance  at  a  given  temperature. 

Saturation. — 1.  The  degree  of  magnetic 
force  which  can  be  permanently  imparted 


Saturation  Factor. 
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to  the  core  of  a  ma^et ;  magnetic  saJtwaJdon, 
2.  In  steam  engineering,  a  vapor  is  said 
to  be  saturated  when  it  has  a  temperaJbure 
due  to  Ue  pressure.  It  then  holds  a  quantity 
of  moisture  in  suspension  and  is  not  in  the 
condition  of  a  true  gas.    Also  called  dry 

steam  and  saturated  steam. 

The  heat  required  to  senemte  one  poond  of 
saturated  steam  from  water  at  32*^  F.,  »  as  follows: 
Sensible  heat,  to  raise  the  water  Heat  Units 

f  rom  32'' to  2120 180.9 

Latent  heat,  1,  of  the  foimation 

of  steam  at  212<»=  8M.0 

2»  oi  expansion  against  the 

atmospherio  pressure,  2116.4 

lbs.  per  sq.  fl.X26.36  cu.  ft. 

=56,786  foot  pounds -h778=      TIJ     965.7_ 

Total  heat  above  32^  F 1146.0 

Saturatioii  Factor. — ^A  factor  for  fixing 
the  degree  of  saturation  in  an  electro- 
magnetic circuit.  It  is  the  ratio  of  a  certain 
per  cent  of  increase  in  exciting  ampere 
turns  of  a  machine  to  the  corresponding 
per  cent  increase  in  magnetic  flux  thereby 
produced. 

Saturatioii  of  Coll. — In  gas  engine  igni- 
tion, an  interval  of  time  is  required  to 
saturate  the  coil,  make  the  break  and  dis- 
charge the  core,  producing  the  jump  spark. 
The  average  duration  of  these  operations 
is  about  .005  second,  which,  although  quite 
Degligible  at  low  speeds,  requires  progressive 
advances  of  the  time  as  speed  increases.  The 
movement  of  the  vibrator  also  oonsumes  a  frac- 
tion of  a  second,  its  speed  beins  indicated  by  the 
gitch  of  its  buss,  but  unless  the  speed  be  veiv 
igh,  the  time  xor  occurrence  of  the  spark  m 
chMiged.  If  the  vibrator  be  leaving  contact  with 
the  core  at  the  moment  of  circuit-making  in  tiie 
commutator,  the  time  of  one  vibration  m\ist 
elapse  before  the  occurrence  of  the  spark;  if  the 
vibrator  be  in  contact  at  this  moment,  the  sparic 
follows  almost  immediately. 

In  a  multiple-cylinder  engine  using  a  separate 
ooil  for  each  cylmder,  unless  the  vtbratois  be 
tuned  as  nearly  as  possible  to  the  same  pitch  or 
rate  of  vibration,  the  sparks  will  occur  at  different 
points  of  the  several  respective  piston  strokes. 

Saw*  Eloetric. — 1.  A  platinum  wire  heated 

to  incandescence  by  the  electric  current  for 

the  purpose  of  cutting  certain  substances. 

2.  A   circular,   or   other   saw   run  by 

electric  power. 

Saw  Tooth  Roo£ — One  whose  sides  are 
made  imequal  with  slopes.  The  short, 
nearly  vertical  slope  is  glazed,  and  faces  the 
point  whence  the  most  sunlight  may  be  ex- 
pected, the  long  flat  slope  is  better  cal- 
culated to  withstand  the  pressure  of  snow 
or  wind,  and  the  lie^t  is  not  obscured  by 
snow.    Also  called  weaving  shed  roof. 

S.  C. — ^Abbreviation  for  eectmdairy  current. 


Seaffoldinfl^. — ^A  temporary  structure  of 
timber,  boards,  etc.,  tor  various  purposes; 
as,  for  supporting  workmen  and  materials 
in  building,  etc. 


r. — In  physics,  a  quantity  which  has 
magnitude,  or  magnitude  and  sign  only, 
without  direction,  such  as  density,  mass, 
energ3r,  etc.,  as  distinguished  from  a  vectior 
quantity. 

Scale  RnJo. — 1.  A  graduated  measurement 
wherein  a  large  linear  dimension  is  repre- 
sented by  a  smaller.  By  this  means,  a 
structure  or  machine  may  be  represented 
in  a  small  drawing,  each  quarter  inch  of  the 
drawing  being  equal  to  one  foot  of  the 
structure,  and  so  on.  Such  scales  range  from 
those  of  a  map,  ^ where  some  hundreds  of  miles 
may  go  to  one  inch,  up  to  those  of  engineering 
details,  which  are  usually  one-fourth  to  one-haff 
the  sise  of  the  original. 

2.  A  rule  graduated  in  accordance  with  the 
foregoing,  whereby  a  draughtsman  reads  off  feet, 
yarm,  miles,  etc.,  without  oonvemion. 

Scapple. — To  work  roughly,  or  shape  with- 
out finishing,  as  a  stone  before  leaving  Uie 
quarry.  To  dress  in  anyway  short  of  fine 
tiling  or  rubbing,  as  stone. 

Searf  Joint. — 1.  A  form  of  lap  joint  for 
connecting  the  ends  of  two  conductors,  in 
which  each  wire  is  cut  diagonally,  the  faces 
of  the  two  cuts  laid  together  so  as  to  pre- 
serve imiform  the  dimensions  of  the  wire, 
and  the  whole  secured  with  solder. 

2.  In  leather  belting^  a  lap  joint  made  by 
skiving  the  edges  at  the  junction. 

3.  In  carpentry,  a  joint  made  by  overlapping 
and  bolting  or  locking  together  the  ends  of  two 
pieces  of  tmiber  that  are  halved,  notched  or  cut 
away,  so  that  they  will  fit  each  other  and  form 
a  lengthened  beam  of  the  same  sise  at  the  junc- 
tion as  elsewhere. 

Seawenf^inS. — ^In  internal  combustion  en- 
gines, the  expulsion  of  biunt  gases  from 
the  cylinder  after  explosion,  the  operation 
being  sometimes  assisted  by  a  jet  of  fresh 
air.  A  scaven^ng  effect  is  produced  in 
four  cycle  engines,  by  means  of  a  long 
exhaust  pipe  with  easy  bends,  the  momentum  of 
the  gases  producing  a  partial  vacuum  in  the 
cvlinder.  If  the  exhaust  and  admission  valves  be 
placed  diametrically  opposite  each  other,  on  the 
sides  of  the  clearance  space,  the  same  effect  may 
be  produced,  the  process  being  aided  by  holding 
open  the  mechanically  operated  exhaust  valve 
until  the  piston  has  begun  its  ohaigiag  stroke. 

Schisioplione.  —  An^  automatic  hammer 
combined  with  an  induction  balance  for 
detecting  flaws  and  structural  imperfec- 
tions in  iron  rails  and  other  metaUic  prod- 
ucts. 


SchUL 

SehiBt. — ^Any  rock  that  readily  splits  or 
cleaves;  slates  and  schists  are  essentiaUy 
the  same. 

Seia^aph. — ^A  name  sometimes  given  to  a 
radiograph,  a  photograph  obtained  by  the 
use  of  the  X-ray. 

Scia^aphy. — A  term  sometimes  used  for 
radtographyj  the  science  of  the  use  of 
X-rays. 


Scientiflc  InstmmentB, — ^The  tools  or 
apparatus  wherewith  analyses  are  made, 
researches  conducted*  or  any  form  of  ex- 
periment carried  out.  The  appliances  vary 
according  to  the  need  of  the  different 
professions ;  some,  as  the  microsco'pe, 
thermometer,  barmneter,  and  delicate  balancM.  being 
common  to  all,  white  others  again  are  highly 
specialised.  The  list  coven  everything  from  the 
huge  telescope,  requiring  its  own  building  and 
special  machmery  to  drive  it,  down  to  the  watch- 
makeiB*  eyeglass,  and  from  the  testing  machine 
which  tries  a  whole  ship's  cable  at  one  time  to 
the  pocket  steel  yard. 

Sdntillatinff  Jar, — ^A  Leyden  jar  which, 
instead  of  naving  a  complete  coating  of 
tin  foil,  has  bits  of  foil  distributed  upon 
it  so  as  to  leave  short  spaces  between  each 
piece,  so  .that,  when  discharged,  sparks 
appear  at  the  interval^;  a  luminous  jar. 

Scintillation. — The  cimitting  of  light,  as  it 
were,  in  sparks  or  flashes;  glittering  in 
flashes  as  diamonds,  etc.,  by  artificial  light. 

0eiBBeL — ^The  clippings  of  metals  made  in 

various  mechanical  operations. 
f 
Scobs.^ — The  dross  of  metals;  raspings  of 

ivory,  metals  or  other  hard  substances. 

Seoop« — ^A  fireman's  shovel. 

Beourin^  Paste  Recipe. — ^The  following 
composition  is  recommended  for  scouring 
woodwork  or  utensils,  taking  the  place  of 
soap  or  sand:  1  lb.  of  soft  soap,  1  lb.  silver 
sand,  1  lb.  powdered  whiting,  1  tablespoon- 
ful  common  salt;  all  put  into  a  vessel  con- 
taining 1  quart  of  boiling  water;  the  whole 
to  be  boiled  and  well  stirred  for  15  minutes. 

Scraped  Joint. — A  joint  brought  to  an 
accurately  plane  surface  by  scraping.  Ir- 
regularities of  the  surface  are  found  by 
n£bing  a  film  of  marking  (oil  and  red  leacQ 
on  a  surface  plate,  or  on  the  already  finished 
surface  which  is  to  fit  that  one  being 
operated  upon.  On  bringing  the  two  surfaces 
into  contact,   patches  or  spots  of  the  marking 
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appear  on  the  high  places,  and  these  are  oare- 
fully  removed  by  the  scraper,  the  process  being 
repeated  as  often  as  necessary. 

Scraper. — ^A  hand  tool  for  removing  a  very 
smaU  amount  of  metal  from  a  surface:  it  is 
generally  a  file  or  piece  of  hard  steel  flat- 
tened, tapered,  and  ground  square  across 
at  the  end. 

Scrap  Heap. — A  receptacle  for  odds  and 
ends  of  waste  material,  capable  of  being 
utilized  in  various  ways.  Scrap  cast  iron 
consists,  to  a  slight  extent,  of  foundry 
wasters,  but  chiefly  of  old  iron  bought  for 
.  the  purpose  of  remelting,  while  the  scrap 
heaps  of  wrought  iron  or  steel  consist  of  the 
accumulation  of  shop  refuse  and  odds  and 
ends  cut  to  waste.    Also  called  scrap  pile. 

Scrateh  Brush. — A  brush  composed  of  a 
bundle  of  stiff  wires  six  or  eight  inches  in 
length,  bound  together  for  the  purpose  of 
cleaning  metallic  objects  preparatory  to 
electroplating. 

Scratch  Brushing. — ^The  process  of  clean- 
ing metallic  objects  with  a  scratch  brush 
preparatory  to  electroplating. 

Screed. — ^In  building,  a  wooden  strip  or  a 
strip  of  mortar  laid  on  a  wall  at  intervals 
to  gauge  the  thickness  of  the  plastering 
to  be  put  on,  so  that  the  finished  work  may 
present  a  uniform  appearance. 

Screen. — A  large  sieve  of  wide  mesh,  on 
which  such  materials  as  sand,  gravel  or 
coal  are  sifted. 

Screen,  Electric— A  screen  of  perforated 
tin  foil  or  wire  gauze  used  to  protect  deli- 
cate instruments  from  external  electro- 
static induction. 

Screen*  Kaffnetlc. — When  any  substance 
is  interposed  between  a  magnetic  needle 
and  a  magnetizing  force  the  magnetism  will 
act  across  the  intervening  substance  just 
as  if  it  did  not  exist,  with  the  single  excep- 
tion that  if  the  screen  consists  of  iron  or 
steel  no  outside  magnetio  foroe  will  penetrate  it. 
This  is  because  the  iron  being  itself  magnetic  the 
lines  of  force  seem  to  be  absorbed  by  H  without 
passing  through  itw 

Screw. — In  mechanics^  an  inclined  plane 
wrapped  around  a  cylmder.  The  distance 
apart  of  two  consecutive  coils,  measured 
from  center  to  center  or  from  upper  side 
to  upper  side  (UteraUy  the  height  of  the 
inclined  plane)  for  one  revolution,  is  "the 
pitch'*  ot  the  screw. 
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Screw  Bolt. — In  machinery  and  construe* 
tion  work,  more  commonly  called  machine 
bolt;  signifying,  therefore,  a  fastening  made 
by  means  of  a  nut  engaging  with  a  screw 
thread,  as  distinguish^  from  the  riveted 
form  of  fastening. 

Screw  Cleat. — In  indoor  wiring,  a  cleat 
carrying  the  necessary  screws  for  quickly 
attaching  it  to  the  wails. 

Screw  Jack. — A  device  whereby  a  power- 
ful force  may  be  exerted  throu^  the  con- 
tinued application  of  a  small  force  acting 
through  a  comparatively  long  jperiod  of 
time.  The  jack  consists  essentially  of  a 
vertical  screw,  working  in  a  nut,  within  a 
substantial  frame:  rotation  of  the  screw,  by  means 
of  levers  or  toggles  thrust  through  holee  in  its 
head,  causes  a  multiplication  of  the  power  ex- 
erted, eoual  to  the  circumference  of  the  path 
traveled  by  the  force  on  the  bar,  divided  by  the 
pitch  of  the  helix. 

Screw  Nail. — A  common  wood  screw,  as 
distinguished  from  an  ordinary  naU  driven 
in  by  percussion,  the  term  being  akin  to  the 
term  screw  bolt. 

Screw  Pitch  QujigB* — ^A  small  instrument 
furnished  with  a  number  of  thread  gauges, 
usually  ranging  from  28  to  0  per  inch,  for 
ascertaining  the  pitch  or  number  of  threads 
per  inch  of  any  given  screw.  The  various 
gauges  are  mounted,  like  blades  on  a  pocket 
knife. 

Screw  Threads. — ^There  are  many  kinds 
of  screw  threads  in  general  use  among 
mechanics;  the  three  more  important  are* 
(1)  the  V  standard  thread,  havmg  an  angle 
of  60^  between  its  sides,  which  is  one  of  the 
standards  for  machine  Dolts;  (2)  the  Seller  a 
or  U,  S.  Standard  thread,  with  an  angle  of  60*^, 
one  eighth  being  flattened  off  at  top  and  bottom 
of  the  thread:  (3)  the  Whittporih,  having  an  angle 
of  55°,  one  sixth  of  the  depth  of  the  thread  bemg 
rounded  off  at  top  and  bottom. 

Screw  Wrench. — A  wrench  for  tumin|;  a 
screw;  a  wrench  with  an  adjustable  jaw 
that  is  moved  by  a  screw. 

Scriber. — A  steel  tool  for  marking  lines  on 
work.  The  scriber  used  by  macninists  is 
usually  pointed  at  both  ends,  one  end  being 
turned  at  a  right  angle  to  mark  or  test  sur- 
faces; other  patterns  have  a  point  at  one 
end  and  a  hook  at  the  other.  The  scriber 
used  for  marking  timber  has  a  point  at  one 
end,  for  scratching,  and  a  knife  at  the  other 
for  cutting,  the  marks.    Also  called  scriever. 

Seal. — A  piece  of  lead  used  to  seal  up  a 
meter  in  order  to  prevent  tampering. 


Sealing  In. — The  process  of  introducing  an 
incandescent  lamp  filament,  after  being 
properly  mounted,  into  the  lamp  chamber, 
and  hermetically  fusing  the  junction 
around  the  neck  of  the  bulb. 

Sealing^  Incandescent  Lamps. — ^After 
the  air  has  been  sufficiently  exhausted,  the 
small  tube  connecting  the  bulb  to  the 
exhaust  tube  is  fused,  drawn  out  to  a 
thread,  and  the  lamp  sealed  off.  The 
vacuum  is  usually  tested  by  means  of  an 
induction  coil,  by  fusing  two  platinum  wires  into 
the  glass  tube  Ic^ing  to  the  lamp,  and  connect- 
ing uiese  wires  to  ^e  secondaiy  terminals  of  the 
oou.  The  distance  between  the  ends  of  the  wires 
inside  the  tube  is  so  adjusted  that  when  the 
required  degree  of  vacuum  is  attained,^  a  spark 
passes  through  the  air  outside  the  tube  in  prefer- 
enoe  to  traversing  the  vacuous  space  between  the 
platinum  points. 

Sealinff  OIF. — ^The  process  of  drawing  to  a 
thread  the  end  of  an  incandescent  lamp 
bulb  from  which  the  air  has  l^een  exhausted, 
and  fusing  it  off. 

Sealln^f  Wax  Rod. — ^In  rudimentary  ex- 
periments for  illustrating  static  electncity, 
a  rod  of  sealing  wax  is  rubbed  with  wool  or 
flannel  and  held  near  suspended  pith  balls 
or  loose  bits  of  paper  to  show  electrical 
attraction.  Electricity  so  produced  is 
called  redrums  electricity  or  negative 
electricity. 

Sealing^  Wires. — ^Wires  by  means  of  which 
the  lead  seal  is  applied  to  a  meter. 

Searchlight. — ^A  powerful  electric  lantern 
containing  a  focusmg  arc  lamp  between  a 
system  of  reflectors  and  a  lens,  for  project- 
ing the  light  to  a  great  distance;  an  dectric 
projector. 

Seat. — 1.  The  bedding  of  an3rthing  upon  its 
foundation  or  base,  or  the  adjustment  of 
one  part  with  that  other  upon  which  it 
rests,  so  that  it  cannot  rock  or  vibrate. 

2.  The  portion  or  face  of  a  building  stone 
which  rests  upon  the  mortar  bed. 

3.  The  piece  whereon  a  valve  rests  when 
closed,  and  from  which  it  rises  on  opening; 
as,  in  a  safety  valve  or  stop  valve. 

Sea  Telefi^ntphy. — ^A  term  sometimes  used 
for  submarine  telegraphy  in  which  messages 
are  sent  along  a  cable  laid  on  the  bed  of  the 
ocean;  also,  rarely,  for  wireless  telegraphy 
which  is  employed  for  oommunication 
between  vessels  at  sea. 

Secohm. — ^A  term  proposed  for  the  practical 
unit  of  self-inductiony  now  called  tfie  henry. 
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Second. — ^The  unit  of  time  in  the  C.  G.  S. 

system   of  measurement;   it  is  equal  to 
vriinr  o^  the  mean  solar  day. 

Secondary. — 1.  A  term  commonly  used  for 
a  secondary  coil. 

2.  In  an  induction  motor,  that  part  in 
which  currents  are  induced  by  the  field 
coils. 

Secondary  Admittance* — ^Admittance  in 
the  primary  coil  of  a  transformer,  or  in  the 
secondary  of  an  induction  coil. 

Secondary  Ampere  Turns. — The  nimi- 
ber  of  ampere  turns  in  the  secondary  coil 
of  a  transformer  or  induction  coil. 

Secondary  Batterv. — One  in  which  elec- 
trical energy  may  be  stored.  It  consists 
essentially  of  a  number  of  leaden  plates, 
immersed  in  dilute  sulphuric  acid  within 
a  vessel  of  glass,  vulcamte  or  other  insulat- 
ing material.  The  plates  are  made  in  the 
form  of  grids,  their  intentices  beins  filled  with  a 
paste  composed  of  lead  oxides  such  as  minium 
and  litharge,  the  former  for  the  positive  plates, 
the  latter  in  the  negative.  The  action  of  the 
batteries  is  as  follows:  the  sulphuric  acid  appears 
to  attack  the  lead  oxide  and  convert  it  into 
sulphate;  on  supplying  the  charging  current  the 
acidulated  water  decomixwes,  the  hydrogen  going 
to  the  cathode  or  negative  plate  and  converting 
the  lead  sulphate  into  metalUo  lead,  the  oxvgen 
converting  that  on  the  anode,  or  positive  grid,  to 
peroxide.  This  is  shown  by  the  blue  color  of  one 
and  the  reddish  brown  <rf  the  other.  When  the 
chemical  action  is  completed,  the  gases  bubble  up 
through  Uie  Uquid,  showing  that  the  battery  is 
charged.  The  elements  are  in  a  state  of  tension, 
and  the  work  done  by  the  battery  is  the  attempt 
to  restore  the  equilibrium.  An  accumulator  will 
restore  about  80  per  cent  of  the  power  spent  in 
charging  it;  the  current  discharge  at  about  2  1 
volts  for  each  cell  being  reduced  to  1.8  volts  as 
the  cell  is  exhausted.  A  secondary  battery  is 
commonly  known  as  a  storage  battery  or  accu- 
mulator. 

Secondary  Cell. — ^A  cell  forming  a  unit  in 
a  secondary  or  storage  haUery,  as  distin- 
guished from  a  ^primary  cdl. 

Secondary  CirenitB. — ^In  gas  engine  igni- 
tion, in  order  to  obtain  a  secondary  current 
with  the  use  of  a  chemical  battery  or  direct 
current  mechanical  generator,  it  is  nec- 
essary to  interrupt  the  primary  circuit  at 
timed  intervals.  There  are  two  methods 
by  which  this  is  accomplished:  1,  by  the  use  of  a 
snap  cam  that  once  in  every  revolution  brinffi 
together  the  terminals  of  the  circuit,  and  2,  by 
the  use  of  a  timer  and  a  magnetic  vibrator  at  one 
pole  of  the  coil  core. 

Secondary  Clock* — In  a  system  of  elec- 
tric time  keeping,  a  subordinate  clock 
whose  movement  is  controlled  by  the 
primary,  or  master  dock. 


Secondary  CoiL — 1.  In  a  transformer,  a 

coil  usually  consisting  of  a  few  turns  of 

heavy  insulated  copper  wire  in  which  the 

current  at  high  pressure  of  the  primary  is 

induced,  transformed,  and  given  out  as  a 

large  current  at  low  pressure. 

2.  In  an  induction  coil,  the  windinft  in  which 
the  currents  are  induced  by  the  primary,  the 
secondary,  as  distinguished  from  the  primary. 

Secondary  Current. — 1.  The  current  in- 
duced in  the  secondary  of  a  transformer  or 
induction  coil. 

2.  A  current  in  the  circuit  of  a  secondary 
or  storage  battery. 

Secondary  Cut  Out. — A  safety  fuse 
included  in  the  circuit  of  the  secondary  coil 
of  a  transformer. 

Secondary  Electromotive  Force. — ^The 
electromotive  force  or  pressure  in  the 
secondary  coil  of  a  transformer. 

Secondary  Frequency. — ^The  alternating 
current  frequency  induced  in  the  secondary 
of  an  induction  motor. 

Secondary  Generator. — A  name  some- 
times given  to  a  secondary  or  storage  ceU, 

Secondary  Impedance. — The  impedance 
existing  in  a  secondary  circuit. 

Secondary  Main. — In  electric  lighting, 
the  main  coming  from  the  secondary  coil 
of  a  transformer  or  converter,  which  con- 
veys current  to  the  lamps. 

Secondary  MoTers. — Machines,  or  me- 
chanical parts,  to  which  motion  is  conveyed 
from  a  prime  mover. 

Secondary  of  Induction  Motor. — ^That 
part  of  an  induction  motor,  usually  the 
rotating  part  or  rotor,  in  which  currents 
are  induced  by  the  field  coils. 

Secondary  Plate. — The  disc  or  plate  of  a 
condenser  in  which  a  charge  is  produced  by 
induction  from  the  primary  plate. 

Secondary  Resistance. — ^The  resistance 
existing  in  the  circuit  of  a  secondary  coil. 

Secondary  Source  of  Lig^ht. — ^A  lumin- 
ous source  which  reflects  luminous  energy 
received  upon  it,  or  diffuses  luminous 
energy  passing  through  it,  as  distinguished 
from  a  primary  source. 

Secretion  Current. — In  electro-therapeu- 
tics, an  electric  current  produced  by 
stimulating  the  secretory  nerves. 
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Seotion* — 1.  In  a  multiple  telephone  switch- 
board, a  division  of  tne  board  containing 
spring  jacks  for  every  line  entering  the 
exchange,  but  line  c&ops  of  those  sub- 
scribers only  whose  calls  are  received  at 
that  particular  section. 

2.  In  a  simple  telephone  switchboard*  a  name 
■ometimes  given  to  a  panel  of  the  board. 

3.  In  electric  traction,  a  trolley  eectionf  an 
insulated  length  of  the  tzollcor  wire  famished  with 
its  own  feeders. 

Seetionai  Coils. — Windings  applied  to  an 
electromagnet  in  separate  sections. 

Sectional  CoTeringf.  —  Non-conducting 
material,  such  as  magnesia  or  asbestos, 
made  into  cylindrical  or  other  segments  to 
fit  around  steam  pipes,  etc.,  thus  enabling 
the  covering  to  be  quickly  removed  for 
repairs  or  alterations,  and  as  quickly 
replaced. 

Sectional  Feeder^ — ^A  feeder  wire  em- 
ployed to  supply  current  to  a  trolley  sec- 
tion. 

Sectional  Platingf. — ^A  method  of  electro- 
plating an  article,  in  which  a  coating  of 
special  thickness  is  deposited  at  those 
points  on  the  surface  which  are  expected  to 
nave  the  greatest  wear. 

Sectional  Platingf  Frame.— In  electro- 
plating, a  frame  for  holding  an  article  in  the 
bath  so  that  it  shall  receive  a  thicker 
deposit  of  metal  at  certain  points  than  at 
others. 

Sectional  Trolley. — ;A  trolley  line  made 
up  of  sections  of  wire  fed  by  separate 
feeders  from  the  power  house  and  joined  by 
section  insulcUora  or  line  breakers. 

Section  Box. — ^n  a  system  of  electric  trac- 
tion, a  box  containing  the  switches  which 
control  the  sectional  feeders. 

Section  Circuit  Breaker. — A  circuit 
breaker  introduced  into  a  trolley  section 
for  opening  the  circuit  and  cuttmg  out  a 
section  of  the  line. 

Section  Insulator. — In  a  trolley  system, 
an  insulating  device  for  clamping  the  ter- 
minals of  two  sections  of  the  fine,  and  per- 
mitting the  trolley  wheel  to  pass  without 
any  shock. 

Section  Switch. — In  a  trolley  system,  a 
switch  by  means  of  which  a  trolley  section 
may  be  cut  out  of  the  line  circuit  when 
necessary. 


Secular  Variation. — ^A  variation  in  the 
declination  of  the  magnetic  needle  at  the 
same  place  on  the  earth's  surface  which 
may  be  observed  during  long  periods  of 
time. 

Seebeck  Effect.— ;A  thenno-electric  effect 
discovered  by  SeeBeck.  He  observed  that 
an  electric  current  was  produced  in  a  closed 
circuit  by  heating  a  ppuit  of  contact  of  two 
dissimilar  metals.  The  two  metals  pro- 
ducing this  effect  are  known  as  a  thermo' 
electric  couple. 

Seebeckt  Thomas  Johann. — ^Bom  1770, 
died  1831.    A  German  ph^icist,  and  ex- 

E crimen ter  in  thermo-electricity.  In  1822 
e  discovered  the  thermo-electric  effect 
which  is  known  by  his  name.  He  observed 
(1822)  that  a  current  was  produced  in  a 
closed  circuit  by  heating  the  point  of  oontect  of 
two  dissimilar  metals.  This  effect  led  to  the 
development  of  the  thermo-electric  pil^.  in  which 
metals  were  arran^^ed  in  a  series  depending  on 
their  thermo-electnc  relations. 

Seep. — To  soak  through  pores;  to  lose  liquid 
by  drainage. 

See  Sawingf. — ^A  term  applied  to  the  state 
of  two  parallel  connectecf  alternators  run- 
ning out  of  step,  or  not  synchronously: 
hunting: 

SegBT  Cone. — A  pyrometric  device  used  to 

measure  the  heat  of  a  furnace.    The  cones 

constitute  a  series  of  slender  triangular 

fire  clay  pyramids,  about  3"  high  by  |" 

broad  at  the  base,  each  being  slightly  less 

fusible  than  the  next.  The  temperature 
at  which  each  becomes  plastic  is  known,  its 
"weeping"  or  bending  over,  until  its  apex  touches 
the  hearth  on  which  it  stands,  indicating  the 
degree  of  heat,  which  is  read  from  the  Seger  scale. 

.Segment. — One  of  the  parts  into  which  a 
body  naturally  separates  or  is  divided;  a 
part  cut  off  from  a  figure  by  a  line  or  plane; 
especially,  that  part  of  a  circle  contained 
between  a  chora  and  an  arc,  or  so  much 
of  a  circle  as  is  cut  off  by  the  chord. 

Segmental  Core  Disc. — An  armature 
core  disc  made  up  of  several  segments, 
instead  of  being  in  a  single  piece. 

Segnnent  Switch. — A  form  of  switch  in 
wnich  contacts  are  made  by  a  lever  moved 
over  insulated  metallic  segments  in  the 
form  of  an  arc. 

Seismic  Photo*chronofi^raph.---Aii  in- 
strument for  making  photographic  record 
of  disturbances  of  the  earth's  crust. 
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Seismoffraph. — ^An  instrument  for  measur- 
ing ana  recording  the  period,  extent  and 
duration  of  earthquakes;  a  seismometer. 

SeisiBflr* — 1-  ^®  lashing  or  securing  of  two 
ropes  or  two  parts  of  a  single  rope  by  bind- 
ing them  around  with  smaller  Ime  or  yam. 

2.  The  yam  or  cord  used  in  seizing  a 
rope  or  ropes. 

3.  Binding  or  gripping  of  a  moving  pari  in 
Its  bearings,  when  the  parts  have  become  in- 
corporatea  bv  overheating  or  lack  of  hibrication. 
Steel  on  steel  is  very  apt  to  seire,  and  therefore. 
It  is  good  practice  to  face  bearings  for  steel  shafts 
with  some  other  metal,  as  brass. 

SeleetiTe  Absorption* — ^Absorption  of 
sound,  light,  heat,  etc.,  with  a  discrimina- 
tion for  waves  of  certain  frequencies,  other 
waves  passing  unabsorbed. 

Selective  Radi»tioii« — Radiations  from 
a  body  in  waves  of  sound,  light,  heat  or 
electromagnetism  confined  to  certain  defi- 
nite frequencies  only;  also  called  sdective 
emission. 

SelectiTO  Reeoiuuiee. — ^In  alternating 
current  circuits,  a  resonance  obtained  with- 
in limited  frequencies. 

Seleetive  Transparency. — ^The  quality 
of  a  body  which  absorbs  light  waves  of 
certain  frequencies,  and  transmits  others 
of  different  frequencies. 

Selector. — In  automatic  telephony,  a 
switch  provided  for  every  subscriber  con- 
nected with  an  exchange  for  the  purpose 
of  connecting  the  caUing  telephone  with 
the  proper  connector,  which,  in  turn,  con- 
nects with  the  telepnone  of  the  subscriber 
desired. 

Selenium. — A  rare  non-metallic  element, 
closelv  resembling  sulphur  in  its  behavior, 
and  found  in  conjunction  with  that  sub- 
stance and  with  tellurium.  The  electrical 
resistance  of  selenium  changes  remarkably 
under  the  action  of  light,  consequently 
selenium  cells  are  much  employed  in  certain 
classes  of  apparatus,  notably  the  photophone, 
where  sound  is  transmitted  along  a  b€»m  of  light 
which  is  directed  upon  a  seleoium  cell,  the  vari- 
ation in  the  light  altering  the  current  and 
reproducing  tbesoimd. 

Seleninm  CelL—An  arrangement  employed 
in  the  photopone  for  the  transmission  of 
speech  by  means  of  light;  it  consists  es- 
sentially of  two  copper  wires  wound  with- 
out contact  on  a  stnp  of  mica,  and  having 
the  free  ends  joined  to  a  circuit  including 


a  telephone  and  battersr,  the  spaces  between  the 
turns  of  wire  being  filled  with  annealed  selenium 
which  responds  to  the  aetion  of  lii^t;  the  pAoto- 
eUetrie  ceu. 

Seleninm  E jre« — ^A  model  of  the  himian  eye 
constructed  for  photo-electrical  experiment 
purposes,  having  a  retina  of  selemum  con- 
nected in  circuit  with  a  battery  and 
galvanometer. 

Seleninm   Photometer. — ^A    photometer 

having  a  screen  of  selenium  sUindardized 

with  reference  to  a  known  illumination, 

•  devised   in  an  attempt  to  measure  the 

visual  intensity  of  a  light  source. 

Seleninm  Resistance. — A  resistance 
which  varies  with  the  light,  composed  of 
strips  of  annealed  selenium  introduced 
between  conducting  brass  plates. 

Self-acting. — ^Automatic,  a  term  applied 
to  a  machme  or  some  section  of  a  machine 
whose  changes  are  not  executed  by  direct 
intervention  on  the  part  of  the  attendant, 
but  which  are  derived  immediatelv  from 
the  movements  of  the  machine  itself.  The 
chief  motions  in  ordinary  machines  are  ren- 
dered self-acting  through  the  intervention 
of  screws,  cams,  gearing,  levers,  etc. 

Self*closin^  Telefi^raph  Key. — ^A  tele- 
graph key  so  adjustea  that  a  switch  is 
automatically  closed  by  depressing  the 
key,  and  opened  again  when  the  key  is 
released. 

Self-contained. — ^A  term  applied  to  an 
engine,  apparatus  or  machine,  having  all 
its  essential  working  parts  contained  within 
the  immediate  limits  of  its  own  frame. 

Self-contained  Machine. — In  machinery, 
machines  whose  parts  are  not  attached  to 
distinct  fixtures,  but  are  all  so  combined 
that  one  foundation  or  attachment  is 
sufficient.  Thus,  a  radial  drill  is  self-con- 
tained when  the  table  and  pillar  are  bolted 
toeether,  instead  of,  as  is  often  the  case,  the 
radial  arm  being  attached  to  a  wall  or  pillar, 
while  the  table  is  bolted  to  the  stone  foundation. 
Independent  machines  may  be  considered  as  self 
contained. 

Self-coolinp  Transformer. — ^A  trans- 
former which  can  be  sufficiently  cooled  by 
contact  of  its  coils  with  the  air,  or  by 
merely  filling  the  case  with  oil,  without 
resorting  to  a  forced  circulation. 

Self-ezcitation. — Magnetizing  the  field 
magnets  of  a  dynamo  by  means  of  currents 


Sdf-excUed  Alternator, 


386 


Semirdrcular  Deviation  or  Error, 


generated  in  its  own  armature.  It  is  made 
possible  by  virtue  of  residual  magnetism 
m  the  frame  and  pole  pieces  of  the  machine. 

Self-ezeited  Alternator. — An  alternat- 
ing current  dynamo  which  supplies  its 
field  magnets  with  magnetizing  currents 
generated  by  its  own  armature,  as  distin- 
guished from  a  separately  excited  alter- 
nator. 

Self-excited  Draamo. — ^A  dynamo  which 
supplies  its  field  magnets  with  magnetizing 
currents  generated  by  its  own  armature, 
as  distinguished  from  a  separately  excitea 
dynamo. 

Self-induced  Current* — An  extra  current 
produced  in  a  circuit,  especiallj^  in  that  of  a 
coil  of  wire,  by  electromagnetic  induction, 
so  that  upon  closing  the  circuit  an  instan- 
taneous secondary  current  opposes  the 
primary  current,  and  when  the  circuit  is 
suddenly  opened  the  current  is  slightly 
prolonged  in  its  own  direction. 

Self-induction. — Electromagnetic  induc- 
tion in  a  circuit,  produced  by  the  action  of 
the  electric  current  upon  itself  during 
variations  in  strength;  especially  in  a  coil 
of  wire  in  which  the  adjacent  tiuns  act 
inductively  upon  each  other  upon  the 
prinoiple  of  the  mutual  induction  arising  between 
two  separate  adjacent  circuits:  self-induction  gives 
rise  to  the  extra  or  induced  currents. 

Self-induction  Coil. — 1.  A  coil  of  wire 
exhibiting   self-induction. 

2.  A  name  sometimes  given  to  a  choking 
coU. 

Self-lockingf  Ratchet.  —  A  self -locking 
winding  device  employed  in  raising  or 
lowering  an  arc  lamp  suspended  from  a 
pole. 

Self-oiling  Bearing^s. — Bearings  which 
are  provided  with  a  reservoir  or  cellar  for 
oil  underneath  the  journal;  a  ring  or  chain, 
loosely  encircling  the  shaft,  rotates  with  it 
and  carries  up  a  continuous  stream  of  oil 
from  the  reservoir. 

Self-recording^  Ma^etometer. — ^An  in- 
strument for  automatically  measuring  and 
recording  the  varying  intensity  of  terres- 
tial  magnetism. 

Self-reg:iBteringf  Tachometer. — An  in* 

strument  for  automatically  regLstering  the 
speed  of  a  revolving  shaft. 


Self-registering  Wire  Gauge. — ^A  foim 
of  wire  gauge  aesigned  to  register  auto- 
matically the  measurement  of  a  wire. 

Self-regulating  Dynamo. — ^A  dynamo 
so  constructed  as  to  maintjiin  a  constant 
pressure  under  varying  loads. 

Self-regulating  X-ray  Tube. — ^A  vac- 
uum tube  in  which  the  degree  of  exhaus- 
tion may  be  automatically  regulated  by 
the  action  of  a  suitable  chemical  contained 
in  an  auxiliary  tube. 

Self-restoring  Drop. — ^In  a  telephone 
switchboard  or  other  annimciator,  a  drop 
that  is  mechanically  or  electrically  self- 
restoring  after  falling,  so  that  the  operator 
or  attendant  is  spared  the  labor  of  return- 
ing  by  hand. 

Self-restoring  Indicator. — An  indicator 
or  annunciator  provided  with  self-restoring 
drops. 

Self-winding  Clock. — ^A  clock  that  is 
wound  at  stated  intervals  by  the  automatic 
action  of  a  small  electric  motor  joined  to  a 
battery   usually  contained   in   the   clock 

itself. 

Sellers  Thread. — The  standard  screw 
thread  of  the  United  States,  having  an  en- 
closed angle  of  60°  between  tne  threads,  and 
one  eighth  flattened  at  top  and  at  bottom, 
i.  e.,  the  thread  does  not  terminate  in  a 
sharp  edge. 

Semaphore. — 1.  In  a  railway  block  system, 
a  standard  'supporting  a  signaling  ap- 
paratus, consistmg  of  a  system  of  movable 
arms  for  use  by  day  and  a  set  of  colored 
lights  for  signaling  at  night. 

2.  A  device  sometimes  used  as  an  indicator 
for  large  charges  of  electricity.  It  consists  of  a 
pith  ball  at  tne  end  of  a  light  arm  fixed  on  a 

Sivot  to  an  upright.     When  the  whole  is  electri- 
ed  the  ball  is  repelled  from  the  upright  and  flies 
out  at  an  angle  indicated  on  a  graduated  diaL 

Semaphore  Arm. — One  of  a  set  of  mov- 
able arms  used  in  a  system  of  day  signal- 
ing from  a  semaphore. 

Semaphore  Indicator. — An  indicator 
drop  connected  with  a  semaphore  system 
of  railway  signaling. 

Semi-circular  Deviation  or  Error.*- 

The  deviation  of  the  magnetic  needle  of  a 
compass  due  to  the  permanent  magnetism 
in  an  iron  or  steel  ship.  This  error  dis- 
appears when  the  ship  is  in  the  magnetic 
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meridian,  but  twice  inoreafles  to  a  maxiiniiTn 
and  diminishes  to  zero  when  the  vessel 
swings  through  a  complete  circle. 

Semi-eoiiduator. — A  name  given  to  sub- 
stances having  only  moderate  power  of 
transmitting  electricity,  and  whicn  may  be 
said  in  that  respect  to  stand  midway  be- 
tween conductors  and  non-conductors  or 
insulators. 

Semi-incaAdeBcent  Lamp. — A  t^rpe  of 
electric  lamp  which  combines  the  pnnciples 
of  arc  and  incand&scent  lighting,  having 
two  carbon  electrodes  between  which  an 
arc  is  formed  which  at  the  same  time  pro- 
duces incandescence. 

Semi-period. — The  time  reauired  to  pass 
through  half  a  cycle  of  periodic  motion. 

Semi-permeable  Septum.  —  A  porous 
partition  which  will  separate  a  solution  by 

Eermitting  the  solvent  to  pass  through  it, 
ut  not  the  matter  held  in  solution. 

Sending^  Aerial. — In  wireless  telegraphy, 
the  sending  antenna  or  wire  employed  to 
project  oscillations  into  space  from  the 
mast. 

Sendinff  End. — ^That  end  of  a  telegraph 
line  from  which  a  message  is  sent;  the  end 
at  the  transmitting  station. 

Sending^  Operator. — A  telegraph  operator 
who  transmits  a  message. 

Sense  of  Manetic  Force. — A  term 
sometimes  used  for  the  directive  influence 
of  magnetism  upon  a  magnetic  needle. 

Sensible  Heat. — ^That  part  of  heat  which 
produces  a  rise  in  temperature,  as  shown  by 
the  thermometer,  m  distinction  from 
latent  heat. 

SensitiTeness. — ^The  degree  to  which  the 
needle  of  a  galvanometer,  or  similar  instru- 
ment, is  sensitive  to  the  influence  of  a 
passing  electric  current  in  producing 
deflection. 

SensitiTeness  of  Wlieatstone*s 
Bridffe. — ^The  minimum  degree  of  resist- 
ance wnich  a  Wheatstone's  bridge  is  capable 
of  measuring. 

Sensitive  Plant. — ^It  was  discovered  by 
Ritter,  that  the  sensitive  plant  shuts  up 
when  electrified.    This  property,  as  has 


been  shown  by  Burden  Sanderson,  extends 
to  other  vegetable  growth,  being  exhibited 
by  the  carnivorous  plant,  the  Venus's  fly- 
trap or  dionaea. 

SensitiTO  Telephone* — A  telephone  of 
particularly  dehcate  construction,  so  that 
it  can  respond  to  feeble  vibrations. 

SensitiTO  Tube* — ^In  wireless  telegraphy, 
a  term  sometimes  applied  to  the  coherer. 
It  consists  of  an  exhausted  glass  tube,  in 
which,  between  two  silver  plugs  provided 
with  terminals,  are  endosea  a  quantity  of 
silver  and  nickel  filings.  These  filing?  are 
senaitive  to  electrio  oeciUatioiui,  cohering  when 
OBoiUationa  occur,  causing  a  drop  in  resistance 
which  operates  a  relay  and  gives  a  signaL 

Sent  Current. — In  telegraphy,  a  current 
by  means  of  which  a  signal  is  sent  out. 

Separable  Core. — A  core,  as  of  an  elec- 
tromagnet, which  may  be  readfly  with- 
drawn from  the  coils. 

SepsErable  Plnff. — ^A  telephone  switch- 
board  plug  which  mav  be  readily  discon- 
nected from  the  flexible  conducting  cord. 

Separate  Cirenit  Dynamo. — A  dynamo 
in  which  the  field  magnet  coils  are  excited 
by  special  coils  woimd  upon  the  armature 
or  upon  a  separate  armature;  a  separate 
coU  dynamo. 

Separate  CoU  Armature. — A  dynamo* 
armature  wound  with  a  series  of  coils  that 
are  kept  distinct  from  each  other  instead  of 
overlapping  or  interlacing. 

Separate  Excitation. — ^The  excitation  of 
dynamo  field  magnets  from  an  external 
and  entirely  separate  source,  usually  by  a 
small  continuous  current  dynamo  called  an 
"  exciter, "  or  by  a  storage  battery. 

Separate  Expansion  ValTo. — A  term 
denoting  the  employment  of  a  gridiron 
valve,  controlling  the  admission  of  steam 
onl^,  and  workmg  upon  a  separate  face, 
which  divides  the  valve  chest  into  two 
portions.  This  type  is  rarely  used  in  mod- 
em engines,  the  cut  off  valve  riding  on  the 
back  of  the  main  valve,  which  serves  as  its 
seat  or  face. 

Separately  Ezeited  Alternator. — An 

alternating  current  dynamo  whose  field 
magnets  are  excited  from  an  external 
source,  as  distinguished  from  a  self-excit- 
ing alternator. 
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Separately'  Excited  Dynamo. — ^A  dy- 
namo whose  field  magnets  are  excited  from 
an  external  and  separate  source,  as  dis- 
tinguished from  a  self-exciting  dynamo. 

Separate  Touch* — A  method  of  magnetiz- 
ing a  steel  bar,  in  which  two  bar  magnets 
with  their  opposite  poles  near  together  are 
brought  into  contact  with  the  middle  of  the 
bar  and  drawn  apart  towards  the  ends  and 
back  several  times,  leaving  off  at  the  mid- 
dle. This  method  is  also  called  divided 
totidi. 

Separator. — 1.  In  a  storage  battery,  a  per- 
forated partition  of  insulating  material 
introduce  between  two  plates  to  prevent 
short  circuiting. 

2.  A  device  attached  to  steam  pipes, 
consisting  of  a  U  shaped  chamber,  fiunish- 
ed  with  baffles,  deflectora  and  diaphragms,  to 
riddle  entrained  water  from  live  steam,  before  it 
enteiB  the  engine,  or  to  separate  oily  particles 
from  exhaust  steam  on  its  way  to  the  condenser. 
A  reservoir  is  QBnerally  provided  at  the  bottom  of 
the  chamber,  lumished  with  a  ^auge  glass  and 
drain  cocks,  the  collected  liquid  being  usually 
automaticalqr  removed  by  a  tnip. 

Septum. — ^The  porous  partition  or  dia- 
pnragm  through  which  two  liquids  intermix 
in  the  phenomenon  of  osmose. 

Series  and  Parallel  Coupling  of  Dy- 
namos.— Since  the  output  of  a  dynamo  is 
made  up  of  two  factors,  viz. :  the  pressure 
and  the  current  respectively,  it  follows  that 
the  output  of  a  machine  may  be  enlarged 
by  increasing  either  one  or  the  other,  or 
both  at  the  same  time.  As,  however,  the  sys- 
tems of  distribution  in  use  at  the  present  time 
involve  the  maintenance  of  either  a  cotutanl 
current  or  a  eonatant  preamre  in  a  circuit,  the 
methods  of  coupling  dynamos  together  resolve 
themselves  into  two  kinds,  corresponding  to  the 
ssrstems  of  distribution,  vis.:  parallel  and  aeries 
connections.  In  coupling  two  or  more  machines 
hi  parallel*  the  pressures  of  all  the  machines  are 
kept  at  a  constant  value,  while  the  output  of  the 
plant  is  increased  in  proportion  to  the  current 
capacities  of  the  ma<mines  in  circuit.  In  the 
series  coupling,  the  current  capacity  of  the  plant 
ii  kept  at  a  constant  value,  while  the  output  is 
increased  m  profwrtion  to  the  pressures  of  Ihe 
machines  in  oirouitb 

Series  and  SeparatelT"  Excited 
Iljnamo. — A  compound  dynamo  in  which 
the  field  magnets  are  connected  in  series 
with  the  external  circuit,  and  at  the  same 
time  magnetized  from  a  separate  source. 

Scries  and  Shnnt  Wound  Dynamo. — 

A  compound  wound  dynamo,  having  a 
combination  of  the  series  and  shunt  wind- 
ings on  the  field  magnet.  The  shunt 
winding  oonsiBts  of  numerous  turns  of 


fine  wire  so  connected  as  to  form  a  shunt  to 

the  external  circuit,  and  the  series  windinipB  com- 
posed of  a  few  turns  of  thick  wire  are  jomed  in 
series  with  the  armature  and  external  circuit. 

Series  Arc  Cnt  Out. — A  cut  out  some- 
times used  in  connection  with  a  series 
arc  lamp,  providing  an  alternative  path  of 
low  resistance,  so  that  when  a  lamp  breaks 
down  from  any  cause  the  other  lamps  in 
the  circuit  may  not  be  affected. 

Series  Circuit. — An  electric  circuit  in 
which  all  the  receptive  devices  are  arranged 
in  succession,  as  distinguished  from  a 
parallel  circuit.  Cells  are  said  to  be  in 
series  when  the  zinc  of  one  is  connected  *to 
the  carbon  of  the  next  throughout  the  bat- 
tery :  lamps  are  in  series  y^en  the  current  passes 
through  each  one  in  turn;  any  group  of  electric 
apparatus  is  joined  in  series  when  the  pasiti\'e 
pole  of  one  machine  is  connected  to  the  negative  . 
pole  of  the  next. 

Series  Connected  Battery. — ^A  battery 
composed  of  cells  so  connected  that  the 
zinc  of  one  is  joined  to  the  carbon  of  the 
next  throughout  the  battery. 

Series  Connected  Cells. — A  group  of 
primary  cells  connected  to  form  a  battery 
m  which  the  zinc  of  one  cell  is  joined  to  the 
carbon  of  the  next  in  succession. 

Series  Connected  Dynamos. — ^Two  or 
more  dynamos  connected  with  each  other 
in  series. 

Series  Connected  Lamps. — Electric 
lamps  arranged  in  succession  on  a  circuit 
so  that  the  current  passes  from  one  to 
another  in  turn. 

Series  Connected  ReceptiTO  Devices. 

— ^A  group  of  receptive  devices  so  connected 
that  the  positive  terminal  of  one  is  joined 
to  the  negative  terminal  of  the  next  through 
the  entire  group. 

Series    Connected    Transformers.  — 

Transformers  in  a  system  of  electric 
distribution  having  all  their  primary  coils 
connected  in  series. 

Series  Connection. — ^A  method  of  con- 
necting up  an  electric  syfiem  so  that  the 
current  passes  through  each  device  in  the 
circuit  one  after  the  other  in  direct  suc- 
cession, as  when  a  number  of  primary  cdls 
form  a  battery  by  bavins  the  copper  of 
one  cell  joined  to  the  sine  of  the  next»  ana  so  on 
throush  the  group.  In  a  series  connected  bat- 
tery the  electromotive  force  is  equal  to  the  sum 
of  the  E.  M.  F.'s  of  the  individiul  eeUs. 
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Series  Distribution. — A  system  of  elec- 
tric distribution  in .  which  the  receptive 
devices,  such  as  incandescent  lamps,  are  so 
connected  that  the  current  passes  from  one 
to  another  in  succession  throughout  the 
circuit. 

Series  Dynamo. — ^A  dynamo  in  which  the 
field  magnets  are  wound  with  a  few  turns 
of  thick  wire  joined  in  series  to  the  armature 
80  that  the  whole  current  passes  through 
the  coils  into  the  external  circuit;  the  cur- 
rent in  passing  through  the  coils  of  the 
field  magnet  energizes  the  latter,  and 
creates  a  magnetic  field  between  the  two 
poles  N  S,  in  which  the  armature  revolves, 
a  aeriee  wound  dynamo. 

Series  Lamps. — An  occasional  connection 
for  electric  lamps,  in  which  the  same  cur- 
rent is  led  through  all  the  lamps.  It  is  an 
arrangement  sometimes  used  for  street 
li^ting^  but  rarely  for  inside  work. 

Series  Motor. — An  electric  motor  in  which 
the  field  magnet  coils  are  connected  in 
series  with  the  armature;  a  series  toound 
motor. 

Series  Mnltiple.— A  term  used  for  series 
paraUeL  connection. 

Series  Multiple  Swlteliboard. — A  mul- 
tiple telephone  switchboard  in  which  the 
line  is  caused  to  pass  through  the  spring 
jacks  at  the  various  sections  in  series. 

Series  Parallel  Circuit. — An  electric  cir- 
cuit containing  groups  of  parallel  connected 
receptive  devices,  the  groups  being  ar- 
ran^^  in  the  circuit  in  series;  a  series 
muUiple  circuit. 

Series  Parallel  Connection. — ^The  ar- 
rangement of  receptive  devices,  such  as 
lamps,  in  an  electric  circuit  in  a  number  of 
parallel  connected  groups,  these  ^ups,  in 
turn,  being  connected  in  senes;  series 
multiple  connection. 

Series  Parallel  Controller. — ^A  con- 
troller of  a  two  motor  electric  car  by  means 
of  which  the  motors  first  in  senes  may 
afterwards  be  switched  into  parallel;  a 
series  mulHple  controller. 

Series  Switchboard. — ^A  multiple  tele- 
phone switchboard  in  which  connections 
are  made  in  series. 


Series  Terminals. — ^The  terminnlSt  of  the 
series  winding  of  a  compound  dyi^ano  or 
motor  connected  with  the  external  circuit. 

Series  Transformer.  —  A^  transformer 
having  its  primary  in  series  with  the 
circuit,  and  its  secondaiy  in  series  with  the 
device  which  receives  the  current.  They 
are  used  largely  on  alternating  current 
switchboards  for  operating  ammeters  and  < 
wattmeters. 

Series  Turns. — ^The  few  turns  of  thick  in- 
sulated wire  woimd  upon  the  field  magnets 
of  a  series  dynamo,  and  joined  in  series 
with  the  armature. 

Series  Windin^.^^The  winding  of  a  series 
dynamo  consistmg  of  a  few  turns  of  thick 
insulated  wire  wound  upon  the  field 
magnets  and  connected  in  series  with  the 
armatiu^,  so  that  the  whole  of  the  current 
passes  through  the  coils  into  the  external 
circuit. 

Series  Working^  of  Dynamos. — Operat- 
ing two  or  more  dynamos  connected  in 
series. 

Series  Wound  Field.—Thefieldof  a  series 
dynamo  in  which  the  whole  ciurent  generat- 
ed in  the  armature  passes  through  the  coils 
of  the  field  magnets. 

Serrated. — ^Toothed  or  notched  along  the 
edge,  like  a  saw.  The  word  is  derived  from 
the  Latin:  serra,  a  saw. 

Service.— In  electric  distribution,  a  general 
term  for  the  branch  conductors  furnishing 
electric  energy  to  a  consumer. 

Service  Block. — ^In  electric  distribution,  a 
branch  block  containing  safety  fuses  for 
connecting  service  wires  to  a  main. 

Service  Box. — ^In  the  conduit  system  of 
electric  distribution,  a  shallow  metallic  box 
placed  at  points  of  distribution  to  consum- 
ers. In  tiiis  box  the  branch  service  cables 
are  attached  to  the  main  cables  and  the 
space  filled  with  an  insulating  compound 
and  protected  by  a  cover  clamped  over  it. 
Service  boxes  are  reached  by  hand  hol^. 

Service  Lines. — Telephone  lines  between 
an  exchange  and  its  subscribers. 

Service  Main. — ^In  electric  distribution, 
the  wire  which  leads  from  the  street  main 
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into  the  eonsiimer's  premiaee;  the  cofuton- 
er*8  mamf  or  service  wire. 

Service  Tube. — ^An  insuhiting  tube  by 
means  of  whidi  service  wires  are  led  into  a 
bfiilding. 

Service  Wires  or  CoBdaeiors. — In  a 

system  of  electrical  distribution,  branch 
wires  leading  from  the  mains  to  a  con- 
sumer's premises;  service  conductors;  de- 
livery  wires. 

Serrinf^. — ^The  wrappings  of  paper  or  other 
insulatmg  material  applied  to  tne  core  of  a 
cable  before  the  lead  sheath  is  put  on. 

Serving  Mallei* — ^A  mallet  for  laying  on 
closely  and  evenlv  the  coating  of  jute, 
paper  or  other  insulating materialemplovea 
to  wrap  a  cable  core  before  the  aheath  is 
appliecf;  a  serving  tool. 

Set* — 1.  To  prepare  for  use;  to  make  ready; 
as,  to  bend  the  teeth  of  a  saw  to  one  side 
or  other  from  the  median  line,  or  to  spread 
thin  ends  by  swaging. 

2.  Permanent  change  of  figure  in  conse- 
quence of  excessive  strain;  as,  from  com- 
prassion*  tension,  bending  twiating,  etc.;  aa  the 
M<  of  a  spxinff. 

3.  A  Idnd  of  punch,  used  for  bending,  indent- 
ing, or  giving  shape  to  metal;  as,  a  saw  tet. 

Set  Collar. — A  collar  or  ring  held  on  a 
shaft  by  set  screws,  which  serves  to  pre- 
vent end  play  on  line  shafting,  or  to  make 
longitudinal  adjustments  o!  shafts  or 
spindles. 

Set  Screw. — ^A  screw  with  a  pointed  or 
cupped  end,  used  to  secure  a  pulley  upon 
a  shaft,  or  for  like  purposes. 

ScTca  Point  Jack. — ^A  telephone  spring 
jack  provided  with  seven  contact  pomts. 

SeiEtant. — An  optical  instrument  for  meas- 
uring the  angular  displacement  between 
two  distant  objects;  it  consists  essentially 
of  a  pivoted  arm  lanaversing  a  graduated 
arc  and  carrying  a  small  mirror,  a  second 
mirror  fixed  upon  the  frame  so  as  to  be 
parallel  with  the  first  when  the  arm  is  at 
zero,  and  a  small  telescope  directed  to- 
WEurds  the  second  mirror. 

Seztaples  Tele|p>aphy. — ^A  system  of 
telegraphy  b^  which  six  messages  may  be 
transmitted  simultaneously  over  the  same 
wire,  three  in  each  direction. 


Seztaplez  Tran— ijgeton . — ^Transmitting 
messages  by  the*  srartaplex  system  ot 
telegraphy. 

Seztipolar  Dynamo* — ^A  multipolar 
dynamo  provided  with  six  field  magnet 
poles. 

Seztipolar  Field.  —  An  electromagnetic 
field  produced  by  six  field  magnet  poles, 
as  in  a  sextipolar  dynamo. 

Sextuple  Telefl||raphy.*-A  system  of 
telegraphy  in  wmch  six  different  messages 
may  be  transmitted  simultaneously  over 
the  same  line  in  one  direction. 

Sextuple  Transmiesion. — Transmitting 
messages  by  the  sextuple  system  of  tdeg- 
raphy. 

S.  6. — ^In  submarine  tele^phy,  a  signal 
prefixed  to  a  message  to  mdicate  that  the 
communication  relates  solely  to  the  com- 
pany's business. 

Shackle. — ^A  form  of  swinging  insulator 
bracket  for  use  upon  a  telegraph  pole  where 
an  angle  occurs  in  the  line. 

Shackling. — Connecting  a  line  wire  to  a 
shackle  insulator. 

Shade  Holder. — ^Anv  device  for  holding  a 
shade  over  an  incanaescent  or  arc  lamp. 

Shading  CoiL — ^A  device  for  giving  a  single 
phase  mduction  motor  a  starting  torque. 
It  consists  of  a  low  resistance  conductor 
surrounding  a  portion  of  a  field  pole  placed 
in  a  slot  cut  m  the  pole  parallel  to  the 
shaft  of  the  rotor. 

Shadowfi^raph. — 1.  A  term  sometimes 
applied  to  a  radiograph,  or  an  X-ray  photo-| 
graph;  a  shadotogram. 

2.  In  testing  an  electric  flatiron,  records 
made  at  short  intervals  of  the  ability  of  the^ 
iron  to  scorch  paper  to  show  its  power  ta 
hold  heat. 

Shadow  Photometer. — ^A  t^pe  of  pho- 
tometer consisting  of  an  upright  ground' 
^lass  screen  having  a  small  vertical  rod  fixed 
m  front  of  it;  the  standard  light  and  thei 
source  to  be  tested  are  caused  to  throw  two 
shadows  upon  the  screen,  and  then  are 
adjusted  until  the  intensities  of  the  shadows  am. 
alike,  when  the  distances  are  measured  and  the 
oompaiative  luminosities  deduced  from  the  law  of 
in  verse  squases;  Hie  Bwnford  ph4)tomHer, 
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Shadows,  Electric. — The  current  of  elec^ 
tiified  air  from  a  charged  pointed  con- 
ductor wiil  produce  a  charge  upon  the 
surface  of  any  insulating  body,  such  as  a 
plate  of  ebonite  or  glass,  held  a  few  inches 
away.  If  a  slip  of  mica  or  glass  be  inter- 
posed between  the  surface  agaiiuit  which  the  wind 
38  directed  and  the  vpint  from  whence  it  comes, 
an  electric  shadow  will  be  fonned  on  the  suifaoe 
at  lixe  part  so  screened. 

Shait* — 1.  A  bar  having  one  or  more  jour- 
nals on  which  it  rests  and  revolves,  and 
intended  to  carry  one  or  more  wheels  or 
other  revolving  parts;  as,  the  shaft  of  a 
steam  engine. 
2.  A  chimney  or  smokestack. 

Shaft  Coaplins* — ^A  device  employed  to 
connect  the  different  sections  or  lengths  of 
which  a  line  of  shafting  is  composed. 
There  are  two  classes,  those  that  form  per- 
manent connections,  such  as,  flange,  disc, 
plate,  or  compression  couplings,  and  those 
whicn  effect  engagement  or  disconnection 
between  the  various  lengths  at  will,  such 
SB,  friction  and  jat^  dutches. 

Shaft  DriTc. — Said  of  a  motor  car  when 
the  power  is  transmitted  directly  to  the 
driving  axle  through  gearing  or  a  lay  shaft, 
without  the  interposition  of  a  chain. 

Shaft  OoTemor. — ^A  centrifugal  governor 
for  an  engine,  mounted  on  a  pulley  upon 
the  crank  shaft  and  revolving  with  it. 
Such  a  governor  acts  either  by  centrifugal 
force  or  by  the  inertia  of  its  parts,  and 
usually  controls  the  travel  of  the  slide 
valves  in  a  steam  engine,  or  the  throttle 
valve  in  a  gas  engine. 

Shallow  Water  Cable. — ^A  cable  designed 
to  be  laid  in  comparatively  shallow  water, 
and  hence  specially  protected  against  wear 
upon  a  rocKjr  bottom  by  the  provision  of 
extra  sheathmg. 

Shear. — A  strain  in  which  a  tension  In  one 
direction  is  combined  with  an  ecfaal  pres- 
sure at  right  angles  to  it;  a  sheartng  stress. 

Shearing  Streni^. — ^Equivalent  to  the 
force  which,  if  steadily  and  slowlv  applied 
at  right  anj^es,  or  nearljr  so,  to  tne  fine  of 
axis  of  a  nvet,  oauses  it  to  separate  into 
parts,  which  slide  over  each  other,  the 
planes  of  the  surface  at  the  point  of  separa- 
tion being  at  right  angles,  or  nearly  so, 
to  the  axis  of  the  rivet. 

Shear  Le^^s. — In  erecting,  a  tripod  crane 
of  tall  spars  used  for  lifting  heavy  weights, 


adjusted  by  sliding  the  back  leg  in  or  out 
on  a  long  screw. 

Sheath. — The  final  protective  coating  ap- 
pUed  to  a  cable:  in  tne  case  of  aerial  cables 
it  is  usually  of  pure  lead;  in  submarine 
cables  it  consists  of  steel  sheathing  wires 
covered  with  hemp. 

Sheathinif  Paper. — A  thick  paper,  some- 
times tarred  or  oiled,  used  for  a  uning. 

Sheathing*  Wires. — ^I'he  coiled  steel  wires 
forming  the  sheath  of  a  submarine  cable. 

SheaTe. — ^A  pulley  with  a  grooved  rim  over 
which  a  rope  or  chain  passes;  sheaves  are 
placed  singly  or  side  by  side  within  a  wood- 
en or  metsd  frame,  which  is  termed  a  Mock. 

Shed  of  Insulator. — ^The  petticoat  of  a 
line  wire  insulator. 

Sheet  Brass. — In  metals,  brass  roUed  into 
sheets  and  used  for  a  variety  of  purposes, 
chi^y  for  ornament,  covering  steam 
domes,  gauges,  handrailings,  instruments, 
etc.  It  is  either  hard  or  soft,  according  to 
requirements. 

Sheet  Li^htnin^. — A  form  of  lightning 
seen  as  a  broad  ^sh  illuminating  a  large 
area  of  the  clouds,  and  apparentlv  un- 
accompanied by  thunder,  probably  due  to 
reflection  from  a  distant  storm. 

Sheet  Metal  Oaug^e. — An  instrument 
employed  to  measure  the  thickness  of 
sheets  of^  metal,  usually  denoting  the 
various  thicknesses  by  a  range  of  successive 
numbers. 

Sheet  PilinjBT. — Timbers,  piles,  or  plates  of 
metal  or  reinforced  concrete,  driven  firmly, 
side  by  side  in  rows,  into  the  earth  along 
the  shores  of  a  body  of  water.  The  object 
of  sheet  piUng  is  either  to  exclude  water  or 
to  protect  the  bank  from  caving. 

Sheet  SteeL — Sheets  of  steel  employed  to 
build  up  parts  of  electric  machines  in  order 
to  reduce  the  circulation  of  eddy  currents. 
The  steel  employed  is  very  ductile,  possesses 
very  lugh  permeability  and  low  nysteresis 
coefficient,  and  is  very  carefully  annealed. 

Sheet  Tin. — In  metals,  sheet^  iron  coated 
with  .tin.  It  is  used  by  engineers  in  the 
making  of  the  Ughtest  kinds  of  templates, 
etc. 
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SheUae*— A  commercial  form  of  a  resinous 
substance  found  upon  certain  tropical 
trees,  and  prepared  for  the  market  in  thin 
shells;  when  dissolved  in  alcohol  it  forms 
shellac  varnish,  which  is  useful  in  electrical 
work  for  its  insulating  properties. 


Shell  of  Are  Lamp. — A  term  sometimes 
applied  to  the  frame  of  an  arc  lamp. 


Shell  of  Commutator. — ^A  commutator 
considered  apart  from  the  shaft  upon 
which  it  rotates. 

^  Shell  of  Lamp   Fixture. — ^An   exterior 

^     finish  of  light  metal  applied  to  an  electric 

lamp  fixture  by  way  of  ornamentation. 

Shell  Transformer. — A  transformer  in 
which  the  coils  are  within  the  core,  and  the 
external  parts  consisting  of  iron  oiscs  or  a 
windins  of  iron  wire  form  a  sort  of  shell 
in  which  parts  of  the  coils  are  embedded,  as 
distinguished  from  a  core  transformer. 

Shift. — 1.  A  number  or  bodv  of  men  actme 
as  relays  or  working  alternately  with 
another* body  canying  on  the  same  work; 
as,  a  day  shift,  a  night  shift. 

2.  The  period  of  time  through  which 
such  a  relay  works. 

Shifting^  of  Spot  of  Id^ht. — ^In  a  mirror 
galvanometer,  any  irregular  deflection  of 
the  spot  of  light  from  the  zero  of  the  scale, 
due  to  imperfect  adjustment  or  other 
fault. 

Shifting  Zero. — ^An  irregular  displacement 
of  the  true  zero  of  a  scale,  which  sometimes 
leads  to  error  in  electrical  measurement. 

Shim. — 1.  A  piece  of  wood  or  iron  inserted 
in  a  defective  place  to  fill  out  to  a  fair 
surface. 

2.  To  hold  in  position  by  means  of  a 
Mm, 

Ship  Dynamometer. — ^A  dynamometer 
used  on  a  cable  ship  to  determine  the  strain 
put  upon  a  cable  m  the  process  of  paying 
out. 

Ship  Return  Cirenit  System. — A  single 
wire  type  of  electric  circuit  used  on  ship 
board  m  which  the  circuit  is  completed  by 
the  metallic  hull  of  the  vessel. 

Shoek»  Eleetrlc. — A  painful  and  some- 
times dangerous  shock  to  the  human  system 
produced  by  a  discharge  through  the  body 


of  static  or  current  electricity,  eepecially 
when  of  high  voltage.  The  effect  experi- 
enced by  the  discharge  of  electricity  with 
hi^  potential  difference  throuafa  the  animal  ays- 
tem  is  that  of  a  sharp  and  painful  thoek;  j^in  and 
violent  muscular  contraction  accompany  xt.  The 
voltace  is  ^e  main  element  ot  shook,  ampence 
has  afao  some  direct  influence,  ^e  condition  of 
the  body  after  death  by  electxio  shook  correaponda 
exactly  with  that  found  aiter  death  by  aapnsrxia. 
The  electric  shock  parab^ses  or  destroys  the  u&rvo 
centre  which  controls  the  respiratory  movements; 
the  passage  of  venous  blood  mto  the  arterial  sys- 
tem causes  contraction  of  the  arterioles,  and 
finally  stoppace  of  the  heart  exacts  as  in  death 
by  drowning  or  suffocation.  There  is.  therefore 
always  hope  of  resuscitation,  except  when  the  ve- 
spiratoty  nerve  centre  has  been  destroyed. 


Shoe. — ^In  the  third  rail  system  of  electric 
traction,  the  conducting  surface  that  is 
brought  to  bear  upon  the  power  rail  to 
draw  current  into  the  car  motors.  There 
are  two  chief  types,  the  Unk  shoe  and  the 
slipper  shoe. 

Shoe  Contact. — In  the  third  tail  system 
of  electric  traction,  cast  iron  rubbing  shoes 
carried  on  insulated  spring  supports,  by 
means  of  which  electric  contact  is  made 
with  the  third  rail. 

Shoe  Plug. — A  variety  of  telephone  switch- 
board plug  with  sliding  contact. 

Sholee. — In  erecting,  wedges,  etc.,  under  the 
heels  of  shores. 

Shore  End  of  Cable.— The  end  of  a  sub- 
marine cable  approaching  the  land,  gen- 
erally having  extra  armor  to  protect  it 
against  special  wear. 

Short.  —  A  contraction  sometimes  used 
among  repair  men  for  short  circuiL 

Short  Arc  System. — ^An  electric  lighting 
system  employing  short  arcs  between  the 
carbons. 

Short  Circuit. — 1.  A  connection  of  low  re- 
sistance joining  two  parts  of  an  electric 
circuit  so  as  to  offer  an  alternative  path  for 
the  current  when  it  becomes  necessary  to 
cut  out  that  part  of  the  main  circuit  in- 
tercepted by  tne  shunt. 

2.  A  fault  in  an  electric  circuit  or  apparatus 
due  usuallv  to  imperfect  insulation,  such  that  the 
current  follows  a  oy-path  and  inflicts  daamfgo  or 
is  wasted. 

Short   Circuited   TraAsformer. — ^A 

transformer  having  its  secondary  terminals 
short  circuited  by  a  copper  wire  and  an 
ampere  meter. 
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Short  Cirenltiny* — Chitting  out  of  a  main 
circuit  by  the  mtentional  or  accidental 
introduction  of  a  conducting  by-path. 

Short  Cireuitlnir  a  Dynamo* — Cutting 
a  dynamo  outw  a  circuit  by  short  dr- 
cuitmg  its  terminals. 

Short  Cirenltin^  Piny.— A  ^  plug  by 
means  of  which  a  short  circuit  is  effected. 

Short  Oirenit  Key*— A  key  by  means  of 
wliich  an  electrical  instrument,  such  as  a 
galvanometer,  may  be  cut  out  of  a  circuit. 

Short  Circuits  in  Armatiire  Ooils.— 

This  is  a  common  fault,  which  makes  its 
presence  known  by  a  violent  heating  of 
the  armature,  flasmng  at  the  commutator, 
flickering  of  the  light,  and  by  a  smell  of 
burning  varnish  or  overheated  insulation. 
The  fault  is  due  either  to  metallic  dust  lodging  in 
the  insulation  between  adjacent  bare  of  the  com- 
mutator, or  to  one  or  more  convolutions  of  the 
coils  coming  into  contact  with  each  other,  either 
through  a  metallic  filing  becoming  embedded  in 
the  insulation  or  damage  to  the  msulation.  If 
the  machine  will  not  buikU  and  it  is  suspected 
that  the  fault  arises  from  short  circuited  arma- 
ture coils,  the  field  magnets  should  be  excited  by 
the  current  from  a  storage  battenr  or  another 
dynamo,  and  having  raised  the  brushes  from  con- 
tact with  the  commutator,  the  armature  should 
be  run  for  a  short  time.  In  stopping,  the  faulty 
coil  or  coils  may  be  located  by  the  heat  geneiated 
by  the  short  circuiti 

Short  Closed  Cirenit* — A  series  circuit 
having  some  of  its  receptive  devices  dis- 
connected, as  distinguished  from  a  long 
dosed  circuiL 

Short  Coil  Magnet. — ^An  electromagnet 
wound  with  a  few  turns  of  heavy  wire  for 
use  in  circuits  having  low  resistances. 

Short  End  of  Battery* — ^In  quadniplex 
telegraphy,  the  smaller  portion  of  the 
divided  battery;  the  reduced  battery. 

Short  Fall  Air  Pomp* — A  type  of  mer- 
cury air  pump  in  which  the  length  of  the 
shaft  containmg  the  mercury  column  is 
shortened,  beinf;  sometimes  arranged  in 
three  tubes.  10  mches  long,  enclosed  in  a 
partially  exnausted  chamber. 

Short  Map&et* — ^A  magnet  whose  length 
is  less  than  fifty  times  its  diameter. 

Short  Shunt  Compound  Windinff. — A 

method  of  compound  winding  in  which  the 
shunt  winding  is  connected  directly  with 
the  armature  from  brush  to  brush. 


Short  Shunt  Compound  Wound 
Dynamo* — ^A  compound  wound  dynamo 
employing  the  short  shunt  arrangement  of 
the  shunt  winding. 

Short  Shunt  DynanuK— A  compound 
wound  dynamo  in  which  one  termmal  of 
the  shunt  field  coil  is  connected  between 
the  armature  and  the  series  coil,  as  dis- 
tingidshed  from  long  ehunt  in  wnich  the 
terminals  of  the  shunt  coil  are  connected  to 
the  outside  terminals  of  the  machine. 

Short  Timber* — Timber,  such  as  wood  for 
telegraph  poles,  that  has  been  weakened  by 
an  over  application  of  preservatives. 

Sho'vrer  Bath«  Bleetric* — ^In  electro- 
therapeutics, a  shower  bath  of  sli^^tly 
alkalme  water  by  means  of  which  an  elec- 
tric current  is  conveyed  to  a  patient  who  is 
supported  on  a  metallic  stool  connected 
witn  a  terminal  of  the  circuit. 

Shunt* — 1.  In  an  electric  circuit,  a  branch 
conductor  joining  the  main  circuit  at  two 
points  and  forming  a  parallel  or  derived 
circuit,  so  that  the  current  is  divided,  a  part 
passing  through  the  branch  and  a  part 
through  the  main  circuit. 

2.  To  introduce  a  shunt  into  an  electric 
circuit. 

Shunt  Bell* — ^An  electric  bell  connected  in 
shunt  with  a  circuit. 

Shunt  Box* — ^A  resistance  box  containing 
coils  of  known  resistances  employed  with  a 
galvanometer  so  that  only  a  definite 
fraction  of  the  current  shall  pass  through 
the  instrument;  a  shunt  rheostat. 

Shunt  Breakinflp  Resistance. — A  re- 
sistance introduced  into  the  field  rheostat 
of  a  shunt  dvnamo  when  a  large  part  of  the 
load  is  suddenly  removed,  to  prevent  the 
increase  in  voltage  from  endangering  the 
devices  still  in  the  circuit. 

Shunt  Circuit* — ^A  shunt;  a  by-path  pro- 
vided in  an  electric  circuit  so  that  only  a 
portion  of  the  current  shall  pass  through 
it.  A  shunt  is  employed  with  dynamos, 
motors  and  electrical  instruments  for  de- 
flecting a  small  part  of  the  current  where 
the  entire  current  strength  is  not  required. 

Shunt  Coil* — A  coil  joined  in  parallel  as  a 
shunt  to  an  electric  circuit. 


Shunt  Dynamo. 


394 


ShtUiing  Down  Dynamo, 


Shunt  Dynamo. — ^A  dynamo  having  a  field 
winding  consisting  of  many  turns  of  fine 
wire  connected  in  parallel,  or  as  a  shiint,  to 
the  external  circuit,  and  so  connected  to 
the  armature  brushes  as  to  obtain  a  portion 
of  the  armature  current  for  maintaining 
the  field. 


Shunted  Field  Windin^^— The  object 
of  usine  a  shunted  circuit  for  the  windings 
of  field  magnets  of  dynamos  is  that  the 
machine  ma^r  more  readily  excite  its  own 
fields  at  starting,  and  that  the  current  may 
be  produced  before  the  rotating  armature 
has  fulbr  taken  up  its  speed.  Some  dynamoe 
have  their  fields  excited  by  a  separate  source  of 
electrical  energy,  in  which  case  toe  masnet  wind- 
ings are  not  connected  to  the  brushes^  ends  on 
the  armature,  but  direct  to  the  terminals  of  the 
outside  source  of  electrical  energy.  As  a  usual 
thing,  however,  it  is  unnecessai;^  to  use  a  sepa- 
rate source  of  current  for  excitmg  the  ma^etio 
fields,  since  there  is  a  sufficient  amount  of  residual 
magnetism,  acting  between  the  poles  of  the  mag- 
nets, to  start  the  generation  of  electrical  energy 
as  soon  as  the  armature  begins  to  rotate. 

Shunt  for  Ammeter. — ^A  shunt  of  low  re- 
sistance and  small  temperature  coefficient 
introduced  into  the  circuit  of  an  ammeter 
in  order  that  the  current  flowing  in  the 
moving  coil  of  the  instrument  may  be  pro- 
portional to  that  in  the  main  circuit.  The 
shunt  consists  of  two  heavv  terminal  blocks  of 
copper  or  brass  between  which  are  brazed  thin 
sheets  of  resistance  metal  such  as  manganin  or 
constantan,  o£Fering  a  large  radiating  siufaoe  to 
the  air. 

Shunt  for  Galvanometer. — A  shunt  hav- 
ing a  small  temperature  coefficient  of  resist- 
ivity employed  to  increase  the  range  of  a 
galvanometer.  When*  the  resistance  of  the 
galvanometer  circuit  is  not  too  small,  an 
ordinary  resistance  box  may  be  used.  The 
Ayrton  or  universtU  shunt  is  designed  for  use  with 
any  galvanometer  by  inserting  plugs  between  dif- 
ferent terminals,  the  coils  being  so  arranged  that 
their  relative  multiplying  powers  are  alwajra  th» 
same,  whatever  the  actual  resistance  of  the  gal- 
vanometer may  be. 

Shunting^  Air  Gap. — ^An  air  gap  surround- 
ing an  electrical  instrument  to  protect 
it  from  the  danger  of  injury  from  a  dis- 
ruptive discharge. 

Shunt  Lamp. — A  type  of  series  arc  lamp  in 
which  the  length  of  the  arc  is  maintainea  by 
means  of  a  solenoid  consisting  of  manv 
turns  of  fine  wire  connected  in  shunt  with 
the  arc,  and  acting  against  a  spring. 

Shunt  Motor. — A  motor  having  its  arma- 
ture windings  connected  in  parallel  with 
its  field  magnet  windings. 


Shunt  Ratio. — ^The  ratio  between  the  frac- 
tion of  the  current  passing  through  a  shunt 
and  the  total  current  strength  of  the  cir- 
cuit. 

Shunt  Turns. — ^The  niunber  of  ampere 
turns  in  the  shunt  windings  of  a  dynamo. 

Shunt  Winding. — Such  a  winding  of  the 
field  magnets  of  a  dynamo  as  to  divide  the 
armature  circuit,  leading  a  part  of  the 
current  through  the  field  coils. 


Shunt-iround  Djmamo. — A  generator  in 
which  the  field  magnet  coils,  instead  of 
being  joined  up  in  series  with  the  arma- 
ture and  external  circuit  as  in  a  series- 
wound  dynamo,  are  so  connected  that  they 
form  a  shunt  to  the  external  circuit.  The 
coils  are  made  of  a  large  number  of  turns 
of  comparatively  fine  wire  which  receive 
only  a  part  of  the  current  generated  in  the 
armature. 

Shunt  Wound  Field.— The  field  of  a 
shunt  dynamo  in  which  a  portion  of  the 
current  generated  in  the  armature  is  led 
through  the  field  coils  forming  a  shunt  to 
the  main  circuit. 

Shunt-iround  Motor. — A  motor  havins 
its  field  coils  wound  with  many  turns  of 
comparatively  fine  wire  as  in  a  shunt  dy- 
namo, only  a  small  part  of  the  current 
passing  tlirough  the  coils.    Shunt-wound 

or  shunt  motors  as  they  are  often  called, 
are  used  on  constant  potential  circuits,  the  motor 
bein^  connected  directly  across  the  mains  when 
runnmg.  They  are  8elf-regulatin|c»  so  that  the 
speed  remains  constant  under  variations  ot  load. 

Shutter  Apparatus. — An  arrangement 
for  signaling  by  a  system  of  shutters  for 
displaying  and  shuttmg  off  a  light,  accord- 
ing to  a  code. 

Shutter  Drop. — A  device  for  displaying  a 
number,  name  or  svmbol  in  a  telephone  or 
other  annunciator  for  indicating  the  source 
of  a  call.  The  shutter  is  released  by  the 
action  of  an  electromagnet,  and  is  manu- 
ally restoring  or  self-restoring  according  as 
it  IS  designed  to  be  restored  by  hand  or 
automatically  when  the  answer  is  made. 

Shutting^  Down  Dynamo. — The  load 
should  first  be  gradually  reduced,  if  pos- 
sible, by  easing  down  the  engine;  tnen, 
when  the  machine  is  supplying  Tittle  or  no 
current,  the  main  switch  should  be  opened. 
This  reduces  the  sparking  at  the  switch 
contacts,  and  prevents  the  engine  racing.  When 
the  voltmeter  almost  indicates  sero,  the  brushes 
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should  be  raised  from  contact  with  the  commu- 
tator. The  commutator  brushes  should  not  be 
raised  while  the  machine  is  generating  any 
considerable  voltage;  for  not  onlv  is  the  insula- 
tion of  the  machine  liable  to  be  dunaged  by  this 
proceeding,  but  in  the  case  of  large  shant 
dynamos  an  exceedingly  violent  shock  is  liable 
to  be  administered  to  the  person  lifting  the 
brushes. 

When  the  dynamo  is  at  rest,  or  onhr  revolving 
slowly,  and  the  brushes  are  raisea  from  the 
commutator,the  latter  should  be  cleaned,  if 
necessary.  When  the  machine  is  stopped  it 
should  be  thoroughly  cleaned  up.  The  armature 
should  be  dusted  with  a  pretty  stiff  brush  to 
remove  any  adherent  copper  dust,  dirt,  etc.,  and 
l^e  other  portions  of  the  machine  should  be 
thoroughly  wiped  with  linen  rags.  Waste  should 
not  be  used,  as  it  is  liable  to  leave  threads*  flufif, 
etc  •  on  the  projecting  parts. 

Shuttle  Armature. — ^A  form  of  armature 
of  the  drmn  type  with  a  two  part  commuta- 
tor,  and  wound  with  a  single  coil  in  two 
longitudinal  grooves  in  a  shuttle  shaped 
core;  the  original  form  of  Siemen's  arma- 
ture; an  H  armature. 

Side   Bar  Motor   Suspension* — A 

method  of  suspending  a  motor  on  a  car 
truck  by  employing  two  parallel  bars  fixed 
at  right  angles  to  the  shaft  and  resting 
upon  a  frame  carried  by  the  truck. 

Side  Bracket. — A  form  of  bracket  for  sup- 
porting a  single  insulator  upon  the  side  ota 
pole  or  buildmg. 


Side  Commutator. — A  commutator  car- 
ried on  the  side  of  a  dynamo  armature. 

Side  Flash. — A  lateral  discharge  in  the 
form  of  a  bright  flash  taking  place  from  a 
conductor  in  which  a  current  due  to  a 
static  discharge  is  passing. 

Side  Liffhts,  Electric. — ^EHectric  lamps  in 
colorealantems  carried  as  side  lights  upon 
a  locomotive  or  ship. 

Side  Play. — Provision  for  longitudinal 
movement;  as,  of  a  shaft  in  its  bearings, 
or  of  a  working  part  on  the  shaft;  it  is 
advisable  and  necessary,  so  as  to  permit 
the  parts  to  adjust  themselves  while  run- 
ning. 

Side  Pole  Trolley  System. — A  system 
of  line  construction  for  trolley  railways  in 
which  the  trolley  wires  are  supported  by 
poles  set  along  the  side  of  the  street,  as 
distinguished  from  a  center  pole  system. 

Sidereal. — In  navigation,  of  or  pertaining 
to  the  fixed  stars.  Sidereal  time  is  measur- 
ed by  the  apparent  diurnal  motion  over 
the  stars,  the  sidereal  day  being  measured 


bv  the  apparent  passage  over  the  meridian 
of  the  first  point  of  Aries,  or  first  point  of 
right  ascension.  This  is  the  only  correct 
standard  whereby  time  can  be  measured. 

Sides  of  Three  Wire  System.~The 
positive  and  negative  mains  in  the  three 
wire  system  of  electric  distribution. 

Side  Telegraph  Repeater. — A  tele- 
graph repeater  working  oranch  lines. 

Siemens  Armature. — An  early  form  of 
dynamo  armature  devised  by  Werner 
Siemens  in  1856,  and  commonly  known  as 
the  shuMe  armature.  It  consisted  of  a 
considerable  length  of  silk  or  cotton  cov- 
ered copper  wire  wound  in  grooves  of  a 
shuttle-shaped  piece  of  iron. 

Siemens  Calorimeter. — An  instrument 
for  high  temperature  measurement  con- 
sisting of  a  metal  cylinder  containing  water 
in  which  is  submerged  a  metallic  ball,  the 
whole  connected  with  a  thermometer 
graduated  to  read  directly  the  temperature 
reached  by  the  heated  ball. 

Siemens  Differential  Voltameter. — A 

form  of  gas  voltameter  invented  by  Siemens 
for  measuring  the  resistance  of  the  platinum 
coil  used  in  his  pyrometer. 

Siemens    Electro-dynamometer. — An 

instrument  for  measuring  currents,  £.  M. 
F.'s  and  power  on  both  direct  and  alternat- 
ing current  circuits.  The  working  parts 
of  the  instrument  consist  of  two  rectangular 
coils  of  wire,  one  fixed  and  the  other  sus- 
pended from  a  torsion  head,  with  the  plane  of  its 
windings  at  right  angles  to  that  of  the  fixed  coil. 
When  the  current  passes,  the  movable  coil  tends 
to  turn  and  is  brought  back  to  its  original  i>osition 
by  the  graduated,  head  The  amount  which  the 
head,  is  turned  is  proportional  to  the  couple 
required  to  bring  the  coil  back  to  its  zero  position 
and  therefore  to  the  product  of  the  currents  in 
the  two  coils. 


Siemens  Electro-pyrometer. — An  in- 
strument for  measunng  high  temperatures 
consisting  essentially  of  a  fine  platinum 
wire  wound  on  a  cylinder  of  porcelain  or 
fire  clay,  and  the  whole  enclosed  in  an 
iron  tube. 

Siemens-Halske  Cell. — A  variety  of 
Daniel!  cell  ehiploying  a  zinc-copper 
couple,  the  zinc  being  supported  in  a  bell 
shaped  inner  jar  upon  a  mass  of  paper  pulp 
moistened  with  dilute  sulphuric  acid. 

Siemens*    Ernst    Werner    Von. — Bom 

1816,    died    1892.    A    German    electrical 
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engineer,  brother  of  Sir  William  Siemens. 
He  early  applied  himself  to  the  study 
of  chemistry  and  electromagnetism, 
inventing  a  process  of  electroplating  in 
1841.  In  1848  ne  exploded  a  submanne  mine  for 
the  fint  time  by  means  of  an  electric  current. 
The  following  year  he  began  to  devote  himself  to 
establishmg  teleg*«ph  systems  in  various  parts  of 
Europe.  He  invented  an  improved  form  of 
shuttle  armature  in  1856,  which  was  known  as 
the  Siemens  armature,  and  discovered  the  prin- 
ciple of  dynamo  operation  (1867),  He  was  the 
promoter  of  electnc  traction  in  Germany  (1879) 
establishing  tiie  famous  enf^ineering  firm  of 
Siemens  dc  Halske.  His  expenments  resulted  in 
the  discovery  of  many  facts  of  great  value  in 
electrical  practice  and  the  development  of  impor- 
tant apparatus.  In  1884  he  contributed  a  large 
sum  ox  money  to  establish  t^e  Imperial  Physioo- 
Technical  Institute  which  has  been  a  great  factor 
in  German  engineering  progress. 

Siemens,    Sir    Karl    WilUanu-^Bom 

1823,  died  1883.  A  German-English  metal- 
lurgist and  electrician,  promoter  of  electric- 
al enterprises  in  England,  brother  of  E. 
W.  von  Siemens.    He  first  visited  England 

in  1843  to  introduce  a  chronometric  gov- 
ernor for  steam  engines  and  the  process  of  anas- 
tatic printing;  settling  in  England,  he  patented 
a  regenerative  steam  engine  and  condenser  (1847), 
a  water  meter  (1851),  and  orsanized  a  company 
for  the  manufacture  of  steel;  ne  became  London 
agent  for  the  German  electrical  firm  of  Siemens 
&.  Halske,  and  played  an  important  part  in  the 
development  of  electric  lightmg  and  traction  in 
England:  he  laid  an  Atlantic  cable  from  a  ship 
specially  designed  by  him  (1874-75);  he  invented 
the  electric  furnace  (1879),  the  pyrometer,  the 
bathometer,  takins  out  in  all  113  patents;  he 
became  president  of  four  leading  English  engineer- 
ing societies,  received  many  honors  and  dutinc- 
tions,  culminating  in  knighthood  the  year  of 
his  death. 

■ 

Siffht  Feed  Oiler. — An  oil  cup  made  of 
glass  so  that  the  attendant  may^  readily 
watch  the  lubrication  of  the  machme. 

Sig^nal. — In  railroading,  a  semaphore  or 
other  sign  automatically  set  by  a  train  in 
passing  over  the  track  to  prevent  another 
train  from  following  it  too  closely  on  the 
same  track,  a  hhck  signal. 

Signal  Arm. — ^In  a  system  of  railway  sig- 
naling, a  semaphore  arm,  a  narrow  olade 
pivoted  near  one  end  to  an  upright  post. 
The  short  end  of  the  arm  is  provided  with 
holes  fitted  with  colored  buUs'-eyes  for 
nisht  service,  showing  red  light  for  danger 
and  a  green  light  for  clear.  The  long  blade  usu- 
ally points  horisontally  for  danger  and  down- 
wards for  clear,  though  certain  systems  require 
other  positions,  such  as  45  degrees  caution,  and 
vertical  clear,  but  the  danger  signal  is  alwajrs 
horisontaL 

Signal   Lamps    for    Switchboards. — 

Tn  many  telephone  exchanges,  small  incan- 
descent electric  lamps   used    for    calling 


signals.  These  lamps  are  superior  to  drops 
in  that  they  need  not  be  "restored,"  tne 
light  being  extinguished  so  soon  as  the 

S roper  connections  are  completed,  and  also  from 
tie  fact  that  they  occupy  le>«  room  on  the  panel, 
a  consideration  of  importance  in  the  construction 
and  operation  of  multiple  switchboards  of  large 
capacity. 

Sij^alin^  Relay. — A  device  employed  in 
telephone  and  telegraph  work  for  opening 
or  closing  a  local  circuit  according  to 
certain  electrical  conditions  in  the  main 
circuit,  and  acting  to  transmit  signals  from 
the  main  to  a  secondary  circuit. 

Siffnal  Service  System. — A  system  of 
electric  signaling  employed  to  safeguard  a 
railway  line. 

Sig^atare«y-/rhe  portion  of  a  telegraph 
message  giving  the  name  of  the  person 
sending  it. 

Silence  Cabinet. — ^A  telephone  booth  or 
closet  provided  at  a  public  pay  station  so 
that  tne  telephone  may  be  used  without 
being  overheard. 

Silencer. — A  device  for  silencing  the  noise 
of  the  exhaust  from  an  internal  combustion 
engine,  by  muffling  and  cooling  the  gases 
until  they  have  condensed  approximately 
to  near  their  original  volume;  also  called 
muffler. 

Silent. — A  switch  by  means  of  which  an 
electric  alarm  may  be  kept  from  ringing  by 
cutting  it  out  of  the  circuit. 

Silent  Discharffe. — A  discharge  of  elec- 
tricity which  takes  place  from  the  tip  of  a 
pointed  conductor  when  the  charge  has 
accumulated  there  with  so  great  density  as 
to  electrify  the  surrounding  air.  The  pai^ 
tides  of  air  fly  off  by  repulsion  and  convey 
a  part  of  the  chaiie^e  with  them.  It  is  usually 
known  as  a  convedive  discharge  and  acts  silently 
in  contrast  with  the  noise  of  a  disruptive  dJs- 
chaige. 

Silez. — In  chemistry,  an  oxide  of  silicon. 
It  occurs  nearly  pure  in  quartz  rock, 
chalcedony,  flint,  and  in  various  other 
more  or  less  impure  forms;  it  constitutes 
an  important  i^rt  of  the  earth's  crust; 
also  called  sUica. 

Silica. — In  chemistry,  an  oxide  of  silicon, 
known  also  as  sHex, 

Silicon. — Also  called  silicium.  A  non- 
metallic  element,  widely  diffused  through 


MM 


SUiam  Bronze, 


397 


Simple  Harmonic  Motion. 


natui'e,  forming  in  various  compounds 
most  of  the  rocks  constituting  the  earth's 
crust.  Its  name  is  derived  from  the  Latin, 
gilex,  a  flint,  a  familiar  manifestation.  A 
small  quantity  added  to  copper  deprives  it  of 
oxygen,  improving  it  for  telegraph  or  telephone 
foire.  In  cast  iron,  it  increases  hardness,  and 
with  cast  steel,  a  small  percentage  favors  the 
expulsion  of  gases  and  promotes  sound  castings 
free  from  blow  holes.  In  its  most  usual  form  as 
silica  or  silicon  dioxide,  it  forms  the  ruby,  the 
quarts  of  the  mountain,  and  the  sand  of  the 
seashore. 

Silicon  Bronse* — An  alloy  of  copper  and 
silicon,  with  or  without  tin.  Silicon  gives 
to  copper  great  strength  and  toughness; 
used  for  telegraph  and  telephone  wires, 
principally  in  German  and  Austrian  cities, 

Silozieon. — A  very  refractory  compound 
of  silicon,  carbon  and  oxygen  prepared  in 
the  electric  furnace. 

Silver. — A  precious  metal  of  a  white  lus- 
trous appearance,  having  a  specific  gravity 
of  10.56  and  a  melting  ooint  of  1733*^  Fahr. 
Silver  is  the  best  conductor  of  electricity. 
It  is  soft  and  can  be  beaten  out  into  ex- 
tremely thin  leaves  (silver  leaf) ;  it  requires 
the  addition  of  copper  to  make  it  hard  enough  for 
general  use;  as,  sterling  silver^  consisting  ox  .925 
silver  and  .075  copper.  The  metal  does  not  oxi- 
dize at  any  temperature  in  the  air,  but  it  is  black- 
ened by  sulphuretted  hvdrogen,  hence,  polished 
silver  articles  tarnish  wnen  exposed  to  the  air. 
Silver  is  found  free  in  various  parts  of  the  world, 
as  a,  chloride  or  horn  silver,  and  in  various 
sulphides. 

Silver  Bath. — A  bath  for  silver  plating 
containing  a  solution  of  a  silver  salt,  usually 
cyanide  of  silver  formed  by  the  union  of 
silver  and  prussic  acid. 

Silver  Chloride. — A  heavy  white  powder 
which  by  exposure  to  light  becomes  finally 
blade.  It  is  practically  insoluble  in  water, 
but  dissolves  easily  in  liquid  ammonia  ana 
in  potassium  cyanide  solution.     In  electro- 

Elating  it  is  employed  in  the  preparation  of 
aths  for  silver  plating.  It  is  also  used  for 
silvering  by  boiling,  and  in  the  pastes  for 
silvering  by  friction. 

Silver  Chloride  CeU. — ^A  form  of  voltaic 
cell  specially  adapted  for  electric  testing, 
consisting  of  a  zinc  silver  couple  in  an 
electrolyte  of  sal  ammoniac. 

Silvered  Plumba^^o. — Powdered  graphite 
combined  with  silver  sometimes  applied  to 
a  mould  in  order  to  give  it  a  conducting 
surface  preparatory  to  electrotyping. 

Silver  Palladium  Alloy. — ^A  non-mag- 
netic alloy  of  silver  and  palladium  some- 


times used  for  the  delicate  parts  of  a  watch 
to  prevent  magnetization. 

Silver  Platiiiff.--£lectroplating  articles 
composed  of  a  base  metal  with  a  coating  of 
silver  by  immersing  them  in  a  silver  bath 
opposite  sheets  of  silver  which  form  the 
anodes  of  the  electrolytic  cell,  the  articles 
to  be  plated  being  the  cathodes;  when  the 
electric  current  passes,  the  silver  of  the 
anodes  is  decomposed  and  is  deposited  upon 
the  cathodes  in  a  imiform  layer. 


Silver  Voltameter. — ^An  instrument  for 
determining  the  value  of  an  electric  cur- 
rent by  the  weight  of  silver  deposited  in  the 
process  of  electrolysis  performed  by  the 
current  through  an  anode  of  pure  silver  in  a 
solution  of  silver  nitrate. 

Similar  Poles* — ^In  magnetism,  similar 
poles  are  magnetic  poles  of  the  same  sign; 
also  called  like  poles. 

Simple. — In  cheniistry  a  term  indicating 
not  capable  of  being  decomposed  into  any- 
thing more  simple  or  ultimate  by  any  means 
at  present  known;  elementary;  thus,  alome 
are  regarded  as  simple  bodies. 

Simple  Altematingp  or  Periodic  Cur- 
rents.— The  same  as  simple  harmonic 
currents.  ^ 

Simple  Are. — ^An  electric  arc  maintained 
between  two  electrodes. 

Simple  Cell. — The  simplest  form  of  pripiary 
or  voltaic  cell,  in  which  two  electrodes  are 
immersed  in  a  single  fluid. 

Simple  Circuit. — An  electric  circuit  formed 
by  a  single  conductor  including  one  gen- 
erator and  a  single  receptive  device. 

Simple  Harmonie  Currents. — Electric 
currents  which  rise  and  fall  in  strength  at 
regular  intervals  so  that  the  characteristic 
of  the  current  flow  may  be  traced  in  a 
simple  harmonic  curve;  simple  periodic  or 
einitsoidal  currents. 

Simple  Harmonie  Electromotive 
Forces. — Electromotive  forces  which  rise 
and  fail  in  strength  at  regular  intervals, 
producing  simple  harmonic  currents. 

Simple  Harmonic  Motion. — Regular  to 
and  fro  motion  upon  a  straight  line,  as  that 
of  a  long  pendulum  swinging  over  a  small 
arc  of  vibration;  simple  periodic  motion. 
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Simple  Harmonic  Variation. — The  reg- 
ular variations  in  strength  and  duration 
which  characterize  simple  harmonic  cur- 
rents; a  sinusoidal  variation. 

Simple  Immersion. — A  method  of  obtain- 
ing a  metallic  coating  upon  an  article  by 
simply  dipping  the  article  in  a  bath  of 
melted  metal. 

Simple  Magnet. — A  magnet  consisting  of 
a  single  metallic  bar,  as  distinguished  from 
a  compound  magnet. 

Simple  Magnetic  Shell.— A  magnetic 
shell  having  a  uniform  distribution  of 
magnetism  upon  each  of  its  faces. 

Simple  Periodic  or  Sine  Motion* — The 

same  as  simple  harmonic  motion. 

Simple  RadicaL — A  single  atom  of  mat- 
ter considered  apart  from  any  chemical 
composition  whicn  it  may  enter. 

Simple  Shnnt. — ^A  simple  coil  of  wire  with- 
out an  iron  core,  introduced  as  a  shimt  to 
an  electric  circuit. 

Simplex  Tele^aphy. — A  system,  of  tel- 
egraphy in  which  only  one  message  can  be 
sent  over  the  line  at  a  time. 

Simplex  Two-circuit  Winding^. — A  form 
of  armature  winding  having  only  two  paths 
through  the  armature,  and  requiring  only 
two  sets  of  brushes,  whatever  the  number 
of  poles.  The  pitch  is  always  forward  in- 
stead of  alternately  forward  and  backward 
as  in  multiple-circuit  winding. 

Simplex  Working^.  —  Telegraphic  trans- 
mission in  which  only  one  message  at  a 
time  is  sent  over  the  line. 

Simultaneous  Teleg^raphy  and  Tele- 
phony.— Transmission  of  telegraph  and 
telephone  messages  over  the  same  line  at  the 
same  time.  The  simplex  system  permits 
one  message  of  each  kind  at  the  same  time. 

Sine  Curve. — A  wave  like  curve  used  to 
represent  the  changes  in  strength  and  di- 
rection of  an  alternating  current.  The 
current  begins  at  zero,  rises  to  a  maximum, 
decreases  again  to  zero,  and  increases  to  a 
maximum  in  the  opposite  direction,  trac- 
ing a  waving  line  in  which  the  horizontal  dis- 
tances reprcHent  time  and  the  vertical  distances 
represent  the  varying  values^  of  E.  M.  F.  It  is 
called  a  sine  cun'"  because  its  perpendicular  at 
any  point  in  proportional  to  the  sine  of  the  angle 
oorreBponding  to  that  point. 


Sine  OalTanometer. — ^A  form  of  galva- 
nometer consisting  of  a  circular  coil  rotat- 
ing about  a  vertical  axis  passing  through 
the  suspension  of  a  long  needle  carried  at 
the  center  of  the  coil.  A  current  flowing 
through  the  coil  deflects  the  needle  and 
turns  the  coil,  so  that  the  sine  of  the  angle 
through  which  the  coil  is  moved  is  proportional 
to  the  strength  of  the  current. 

Sine  Law^. — A  law  that  the  force  acting  up- 
on a  body  is  directly  proportional  to  the 
angle  of  deflection  u,  (a)  the  controlling 
force  has  constant  magnitude  and  direc- 
tion, and  (b)  the  deflecting  force  is  uniform 
in  direction  with  respect  to  the  body  acted 
upon. 

Singing  Arc. — A  voltaic  arc  fed  by  a  con- 
tinuous current  which  is  placed  under  suit- 
able conditions  near  an  alternating  current 
of  small  intensity,  so  that  the  arc  emits  a 
soimd  corresponding  to  the  oscillations  of 
the  alternating  current,  and  the  light  of  the 
arc  produces  equal  vibrations. 

Single  Circuit. — An  electric  circuit  con- 
taming  no  branch  circuits,  as  distinguished 
from  a  divided  circuit. 

Sinffle  Contact  Carbon  Transmitter. — 

ATorm  of  telephone  transmitter  depending 
upon  the  change  of  actual  resistance  of  a 
single  button  of  carbon  under  varying 
pressure. 

Single  Contact  Key. — A  key  for  opening 
and  closing  a  circuit  which  has  only  one 
contact  point. 

Single  Belting. — ^Leather  belting  made  in 
one  thickness  or  ply,  such  as  is  used  for 
driving  small  macnines. 

Single  Cup  Insulator. — A  line  wire  in- 
sulator of  the  simplest  form;  a  single  shed 
insiUator. 

Single  Curb. — A  method  of  submarine 
telegraphic  signaling  in  which  a  single  weak 
reverse  current  is  sent  immediately  after 
the  original  signal  for  the  purpose  of  hasten- 
ing it  through  the  cable. 

Single  Curb  Signaling. — ^Using  the  single 
curb  method  of  submarine  telegraphic 
signaling. 

Single  Current  Closed  Circuit  Work- 
ing.— A  method  of  telegraphic  working 
employing  a  single  current,  and  preserving 
the  I>atteries  at  the  terminals  of  the  line 
constantly  in  circuit. 
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Single  Current  Key* — A  telegraph  key 
employed  in  single  current  working,  con- 
sistmg  of  a  brass  lever  pivoted  between 
two  contacts,  but  normally  held  against 
the  back  contact  by  a  spring. 

Singula  Current  Open  Cireuit  Work- 
ing^.— A  method  of  telegraph  working  em- 
ploying a  single  current,  in  which  no  cur- 
rent passes  when  the  circuit  is  idle. 

Slnc^le  Current  Repeater. — ^A  telegraph 
repeater  employed  m  single  current  wonc- 
ing. 

Sin§^le  Current  Workini^. — Telegraphic 
transmission  employing  a  smgle  current  in 
the  circuit. 

Sinffle  Curve  Suspension. — ^A  method 
otsuspending  a  troUey  wire  by  means  of 
properly  adjusted  pull  off  wires  where  the 
track  makes  a  curve. 

Sin§^le  Field  Coil  Dynamo. — ^A  dsrnamo 
having  its  field  magnet  wound  with  a  single 
coil  of  wire. 

SiniT^e  Field  Coil  Multipolar  Dy- 
namo.— ^A  dynamo  in  which  a  single  mag- 
netizing coil  IS  employed  upon  a  single  core 
which  carries  several  pole  pieces. 

Sinffle  Fluid  CelL — A  simple  primary 
cell  employing  a  single  solution  as  an 
electrolyte. 

Sin§^le  Fluid  Theory. — A  theory  sug- 
gested bv  Franklin  as  a  modification  of  the 
double  fluid  theory  previously  advanced. 
He  proposed  that  electricity  existed  in 
nature  as  a  single  fluid  showing  positive 
and  negative  characteristics  under  varying 
conditions. 

Sinjifle  Focus  X-ray  Tube. — ^A  form  of 
X-ray  tube  having  a  single  anticathode 
upon  which  the  cathode  rays  are  focused. 

Sinflple  Line  Repeater. — ^A  telegraph  re- 
peater for  repeating  a  message  from  one 
circuit  into  one  other  only. 

Single  Loop  Armature. — ^A  simple  form 
orarmature  consisting  of  a  single  loop  or 
coil  mounted  upon  an  axis  so  that  it  may 
rotate  in  a  magnetic  field. 

Sin§^le   Heedle    Telegrraphy. — ^In    the 

needle  system  of  telegraphy,  the  use  of  a 
receiving  instrument  comprising  a  single 


magnetic  needle  which  swings  over  the  face 
of  a  dial  according  to  a  definite  code  of 
motions. 

Sin§^le  Pair  Brush  Rocker. — A  yoke 
rocker  for  holding  a  single  pair  of  brushes 
against  the  surface  of  a  commutator. 

Sin§^le  Pesp. — A  conducting  pe^  or  pin 
having  one  contact  point  for  closmg  a  cir- 
cuit. 

Sing^le  Phase. — ^A  term  applied  to  a  simple 
alternating  current  of  uniform  frequency  as 
distinguished  from  polyphase  currents; 
monophase;  uniphase. 

Sin§^le  Phase  Alternating  Current. — 

A  simple  alternating  current  of  uniform 
frequency  as  distingmshed  from  polyphase 
currents. 

Sinf^le  Phase  Alternator. — ^An  alternat- 
ing current  dynamo  generating  single 
phase  currents;  a  uniphaser, 

Sinsple  Phase  Armature  Winding^s. — 

^^^dings  upon  the  armature  of  a  single 
phase  alternator  capable  of  producing 
single  phase  currents. 

Sinsrle  Phase  Induction   Motor. — An 

induction  motor  having  a  single  field  wind- 
ing supplied  with  a  single  phase  current. 

Singple  Phase  Motor. — An  ordinary 
single  phase  alternator  employed  as  a 
motor,  naving  a  single  field  wmding  fed 
with  a  single  phase  current. 

Single  Phaser. — A  single  phase  alternator; 
a  uniphaser. 

Singfle  Phase  Transformer. — A  trans- 
former in  a  single  phase  circuit. 

Sin§^le-phase  Windin§^. — A  method  of 
armature  winding  designed  for  single-phase 
generators.  Such  windings  usually  have 
one  group  of  coils  per  pole  lying  in  an  even 
numoer  of  slots  per  pole. 

Single  Pole  Cut  Out. — A  cut  out  which 
acts  only  on  one  of  the  leads  or  conductors 
in  an  electric  circuit. 

Sin§^le  Pole  Safety  Fuse. — A  safety  fuse 
or  strip  employed  m  a  single  pole  cut  out. 

Single  Pole  Switch. — A  switch  which 
controls  only  one  of  the  leads  of  a  circuit. 
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Single  Pole  Telephone  Receiver. — A 

form  of  telephone  receiver  containing  a 
compound  magnet  composed  of  several 
separately  magnetized  steel  bars,  presenting 
one  pole  only  to  the  diaphragm,  as  dis- 
tinguished from  a  bipolar  receiver. 

Single    Pole   Telephone   Switch. — A 

single  pole  switch  for  use  in  a  telephone 
circuit. 

Singfle  PuU  Over. — ^A  form  of  trolley 
hanger  designed  to  suspend  the  trolley  wire 
at  a  curve,  provided  with  a  single  extension 
lug  for  the  attachment  of  a  strain  wire. 

Sinsle  Purchase. — In  rigging,  gear  for 
lining  or  other  purposes  in  which  one 
pinion  and  one  wheel  only,  that  is  a  single 
gear,  are  engaged. 

Singfle  Rail  Crane.— ^A  light  workshop 
crane,  which  runs  on  a  single  rail  embedded 
in  the  floor.  It  is  maintamed  in  a  vertical 
position  by  means  of  wheels  running  on 
channel  iron  hung  from  or  attached  to  the 
roof. 

Singple  Reduction  Gear. — A  method  of 
gearing  the  armature  shaft  of  a  car  motor 
to  the  axle  of  the  car,  by  means  of  a  pinion 
on  the  motor  shaft  and  a  spur  wheel  on  the 
axle,  BO  that  the  speed  is  reduced  once 
only, 

Sinjgfle  Reflection  Tube. — A  simple  form 
oi  X-ray  tube  having  a  single  platinum 
reflector  upon  which  the  cathode  rays  are 
directed  to  produce  the  radiation. 

Sinp^le  Riveting. — Single  riveting  consists 
Ota  single  row  of  rivets.  Usually  all  girth 
seams,  those  running  around  the  body  of 
the  boiler,  are  single  riveted.  The  size  of 
the  rivets  should  oe  in  proportion  to  the 
thickness  of  the  metal  of  the  shell. 

Singfle  Shackle. — A  form  of  swinging  tele- 
graph insulator  providing  for  only  a  single 
attachment. 

Singfle  Shed  Insnlator. — ^The  simplest 
form  of  line  wire  insulator.  It  is  usually 
of  glass,^  shaped  like  an  inverted  deep  cup 
with  a  single  rim. 

Sin||fle  Stroke  Electric  Bell. — An  elec- 
tric bell  that  rings  one  stroke  only  when 
the  circuit  is  closed,  as  distinguished  from 
a  vibrating  bell. 


Single  Throw  Switch. — ^A  knife  switch 
with  a  single  set  of  contacts  for  controlling 
one  circuit  only. 

Singfle  Touch  Ma^pnetlsatlon. — A 

method  of  magnetizmg  a  bar  of  iron  or 
steel,  which  consists  simply  in  stroking  the 
bar  from  the  middle  to  each  end  with  a 
permanent  magnet.  Opposite  poles  of  the 
magnet  are  used  for  opposite  ends  of  the 
bar,  the  stroking  always  passing  from  cen- 
ter to  end,  the  return  to  the  center  in  all 
cases  being  made  through  the  air. 

Sinfi^le  Track  Bracket  Suspension. — 

In  a  single  track  trolley  line  a  method  of 
susp>endmg  the  trolley  wire  by  bracket 
arms  carried  on  posts. 

Single  Trolley  System.— An  earth  re- 
turn trolley  system  having  a  single  over- 
head conductor. 

Single  Wire  Cable. — ^A  cable  containing 
a  single  conductor  only  instead  of  a  group 
of  conductors  as  in  a  bunched  or  stranded 
cable. 

Single  Wire  Circuit  or  Line. — ^An  earth 
return  circuit  employing  a  single  conductor. 

Single  Wire  Electrie  Lif^hting  Sys- 
tem.— ^A  system  of  distribution  for  electric 
lighting  employing  a  ground  return. 

^  e  Wire  Spring  Jack. — ^A  form  of 
spring  jack  adapted  for  use  in  a  single  wire 
switchboard. 

Single  Wound  Gramme  Armature. — 

A  ring  armature  wound  with  a  single  coil 
of  copper  wire  connected  at  equal  intervals 
with  segments  of  the  commutator. 

Single  Wound  Wire. — A  conductor  wrap- 
ped with  only  one  layer  of  insulation. 

Sinistrorsal   Heliz^   or   Solenoid. — A 

Uftnhanded  helix;  a  long  spiral  of  wire  in 
which  the  current  flows  m  the  opposite 
direction  to  that  followed  by  the  hands  of 
a  clock,  developing  north-seeking  polarity 
at  the  end  at  which  it  enters  and  south- 
seeking  polarity  at  the  opposite  end. 

Sinuous  Current. — ^An  electric  current 
flowing  through  a  spiral  conductor. 

Sinusoidal  Alternator. — ^An  alternating 
current  dynamo  which  generates  simple 
harmonic  or  sinueoidal  currents. 
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Siphon* — 1.  A  pipe  bent  in  the  form  of 
0  or  n  acting  on  the  principle  of  the 
hvdroetatio  balance,  so  that  the  pressure 
of  water  in  one  leg  always  tends  to  equal- 
ize that  in  the  other. 

2.  A  bent  tube  or  pipe  with  limba  of  uneaual 
length  for  transferring  liquids  from  a  barrel  or 
other  receptacle.  The  action  of  the  inatrument  is 
due  to  the  difference  in  weight  of  the  liquid  in 
the  two  fega. 

3.  A  U  shaped  tube  fitted  to  steam  gauges, 
etc.,  80  that  nothing  but  water  shall  enter  the 
gauge. 

Siphon  Gan^« — A  gau^e  formed  of  a  bent 
or  U  shaped  tube  in  which  the  pressure  is 
shown  by  the  difference  in  level  between 
the  fluid  m  either  leg.  Siphon  gauges  with 
a  mercurial  column  are  employed  to  test 
or  standardize  dial  gauges,  while  a  siphon 
with  water  for  its  fluid,  is  the  customary 
instrument  for  measuring  air  pressures. 

Siphon  Recorder. — ^In  submarine  teleg- 
raphy, a  deUcate  automatic  receiving 
instrument  invented  by  Lord  Kelvin.  It 
consists  essentially  of  a  fine  coil  of  wire 
suspended  between  the  poles  of  a  powerful 

magnet,  and  carrying  a  glass  siphon  one 
end  of  which  dips  into  an  ink  well.  As  the  cur- 
rent enters  the  coil,  oeciUations  are  set  up,  which, 
being  conveyed  to  the  siphon,  cause  it  to  trace 
upon  a  paper  ribbon  an  irregular  line  correspond- 
ing to  the  dots  and  dashes  of  the  Morse  code. 

Siphon  Writinf^. — ^The  record  of  a  tele- 
graphic message  traced  upon  a  paper  strip 
by  a  siphon  recorder, 

SiriuB  Colloid  Lam^. — ^A  variety  of  in- 
candescent lamf)  having  a  filament  pre- 
pared by  a  colloidal  process.  The  maKers 
claim  for  it  a  specific  consumption  of  1.15 
watts  per  candle  for  a  guaranteed  life  of 
1000  hours. 

Site* — A  locality  or  situation;  the  place 
whereon  any  building  or  collection  of 
buildings  has  formerly  stood,  stands,  or  is 
intended  to  stand;  the  plot  of  ground  where 
anything  is  to  be  built,  made  or  done. 

Six  Phase  System.— A  system  of  electrical 
distribution  of  polyphase  currents,  con- 
sisting of  two  tm'ee  phase  systems  in  op- 
position to  each  other. 

Six  Pole  Dynamo. — A  dynamo  provided 
with  six  pole  pieces  for  generating  its  mag- 
netic field;  a  sexHpolar  dynamo. 

Sixteenth  Bend. — In  pipe  fitting,  a  pipe 
bend  which  makes  an  arc  of  22^  degrees 
and  which,  therefore,  connects  pipes  which 
diverge  at  that  angle. 


Six  Wire  System. — ^A  S3rstem  of  electrical 
distribution  including  five  dynamos  joined 
to  six  leads. 

Six  Wire   Three  Phase   System. — A 

three  phase  system  maintaining  three 
circuits  of  two  loires  each, 

S  Joint. — ^A  method  of  connecting  two  sur- 
faces, which  are  at  right  angles  to  each 
other,  by  means  of  a  doubly  bent  strip, 
somewhat  like  the  letter  S  reversed. 

Skeleton  Constmetion. — ^A  method  of 
building  tall  structures  on  valuable  city 
lots,  to  avoid  wasting  too  much  floor  room 
on  thick  masonry  \i^'all8.  The  building  is 
constructed  as  a  skeleton  of  steel  columns 
and  girders,  upon  which  brick  work  and 
terra  cotta  tiling  are  hung. 

Skeleton  Oirder. — In  structural  iron,  a 
girder  made  by  uniting  top  and  bottom 
angle  irons  with  lattice  work  or  diagonal 
bracing,  the  other  flanges  of  the  angle  irons 
being  attached  by  riveting  to  top  and 
bottom  plates. 

Skew    AcUustment    of   Carbons. — A 

method  of  adjusting  the  carbons  of  an  arc 
lamp  in  which  the  positive  point  is  set  out 
of  perpendicular  with,  and  slightly  in  front 
of,  the  negative  point. 

Ske'w  Arch. — ^An  arch  which  is  not  at  right 
angles  to  its  abutments;  an  archway  placed 
slanting  to  the  road  crossing. 

Skew  Gearing^. — Cog  wheels  with  teeth 
placed  obliquely,  so  as  to  slide  into  each 
other  and  avoid  clashing.  They  serve  to 
transmit  motion  from  one  shaft  to  another 
when  the  two  form  an  angle  but  would  not 
intersect  if  prolonged. 

Skeir  Scale. — On  a  galvanometer,  an  outer 
scale  known  as  a  skew  scale  from  the 
position  of  the  needle  when  at  zero;  its 
advantage  lies  in  the  fact  that  its  range  of 
measurement  is  double  that  of  the  ordinary 
scale.  For  a  comparatively  hi^h  reading, 
the  deflection  can  be  read  with  greater 
ease,  as  the  pointer  is  not  in  the  part  of  the 
scale  where  the  divisions  are  close  together. 

Skia^aph. — A  name  sometimes  given  to  a 
radiography  the  image  of  an  object  produced 
on  a  photographic  plate  by  the  X-rays. 

Skiddinff. — 1.  In  electric  traction,  the  slip- 
ping of  car  wheels  along  a  track  instead 
of  rotating  properly. 
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2.  In  automobiling,  the  sliding  or  slip- 
ping sideways  in  turning  curves  at  high 
speeOa 

Skidding  Eiif^e. — ^In  hoisting  engines, 
those  eng^ines  whose  foundation  consists 
of  large  wooden  skids.  They  are  used  in 
construction  work  where  a  repeated  mov- 
ing of  the  engine  is  required. 

Skin. — In  mechanics,  the  thin  film  or  coat- 
ing of  very  hard  metal  on  the  outside  of  a 
casting  or  forging,  due  to  the  chilling  or 
hardening  of  the  surfaces  in  contact  with 
the  sand  of  the  mould  or  from  contact  with 
the  air.  In  machining,  it  is  necessary  to 
take  the  first  cut  deep  enough  to  pierce  this 
skin,  while  if  the  piece  has  to  be  enipped,  the 
prior  use  of  a  chipping  chisel  or  of  a  gnnder  is 
necessary. 

Skin  Currents. — 1.  High  frequency  alter- 
nating currents  which  are  confined  mainly 
to  the  outer  surface  of  the  conductor 
instead  of  passing  uniformly  through  the 
cross  section  of  the  wire. 

2.  In  the  human  skin  and  more  especi- 
ally in  the  skin  of  the  common  eel,  there 
18  an  electromotive  force  exerted  from 
without,  inwards. 

Skin  Effect. — In  high  frequency  alternating 
circuits,  the  tendency  ot  the  currents  to 
confine  themselves  to  the  outer  surface  of 
the  conductors  instead  of  passing  uniformly 
through  the  cross  section.  The  fact  that 
oscillatory  currents  are  greatest  at  the  dcin, 

S'ves  the  stionij^t  support  to  the  ^modern  view 
lat  the  energy  m  an  electric  circuit  is  transmitted 
by  the  surrounding  medium,  and  not  through  the 
wire. 

Skin  EleetromotiTe  Force* — The  elec- 
tromotive force  in  a  high  frequency  alter- 
nating current  producing  skin  currents. 

Skipping^  of  Pointer. — ^In  needle  teleg- 
graphy,  an  irregular  action  of  the  pointer 
upon  the  face  of  the  dial. 

Bkotogrma^  or  Skotosraph. — A  rarely 
used  term  for  radiograph,  an  X-ray  photo- 
graph. 

Skjr  Rods* — ^In  wireless  telegraphy,  groups 
of  electric  conductors  supported  on  lofty 
masts  for  the  purpose  of  radiating  into 
space  electromagnetic  waves  conveying 
tne  signals;  or,  at  the  receiving  station,  for 
gathering  the  waves  so  sent  and  carrying 
them  to  the  receiving  instrument:  the 
antennae;  also  called  aeriaU  or  aenai  eon' 
dudore. 


Sl«ck  Cable. — In  submarine  cable  laying, 
an  excess  of  cable  length  freelv  paid  out  to 
prevent  strain  upon  the  cable  as  it  rests 
upon  an  uneven  oottom. 

Slack  lit. — ^In  shop  practice,  a  fit  is  said 
to  be  slack  when  parts  in  contact  have 
more  freedom  of  play  than  is  necessary  or 
desirable  for  their  free  and  easy  movement. 
The  term  is  relative,  because  what  would 
be  a  slack  fit  in  some  {>ortions  of  a  machine, 
would  be  too  tight  a  fit  in  another.  A  siack  fit 
in  many  cases  would  more  properly  mean  a  bad 
fit,  as  in  the  case  of  the  fitting  of  shafting  into 
wheel  bosses,  which  must  necessarily  be  tighter 
than  the  fitting  of  the  same  shaftmg  into  its 
bearings. 

Slaflf  WooL — On  blowing  a  jet  of  steam  at 
about  50  lbs.  pressure  through  fluid  slag  as 
it  issues  from  a  furnace,  the  slag  is  blown 
into  fine  fibers  resembling  asbestos  or  spun 
glass;  from  its  appearance,  the  material 
thus  formed  is  termed  slag  wool,  also  sUicate 
coUon  or  mineral  wool,  and  being  non-com- 
bustible and  non-conducting,  is  used  as  a 
covering  for  steam  pipes,  engine  cylinders, 
etc. 

Slaked  Lime. — In  masonry,  lime  which 
has  undergone  a  chemical  combination 
with  water,  thus  losing  solidity  and  cohe- 
sion. 

Slate  Reeling. — Slate,  split  and  sawed  in- 
to uniform  rectangular  slabs,  about  A 
inch  thick,  and  secured  by  means  of  naus 
to  battens  on  a  roof.  The  battens  are 
generally  underlaid  with  felt  or  waterproof 
paper  board.    The  common  size  for  a  i 

fitch  roof  is  that  known  as  Countess  slates  (20x 
0  ins.)t  the  lapo  being  usually  3  inches  over  the 
nail  holes,  which  are  generally  drilled  in  the 
center,  galvanised  iron  or  brass  composition 
nails  being  employed.  If  the  nails  are  at  the  top 
or  head  ot  the  slate,  its  tail  must  overlap  the  nail 
holes  of  the  second  slate  below,  thus  giving  in 
either  case  a  margin  or  visible  depth  of  8i  ins.  for 
each  oouxse. 

Sled. — In  the  conduit  system  of  electric 
traction,  a  form  of  contact  plow  which, 
instead  of  being  pushed  along  the  con- 
ducting wire,  is  drawn  over  the  wire  after 
the  car. 

Sledi^  Hammer. — ^A  heavy  hammer  wield- 
ed with  both  hands.  That  used  by  the 
blacksmith's  helper  is  usually  arose  pened, 
and  weighs  from  5  to  14  pounds.  The 
sledge  used  by  a  machinist  or  erector  is 
usually  double  faced,  as  he  uses  it  for  driv- 
ing work  only.  For  light  blows,  the  ham- 
mer man  uses  the  sledge  "up  hand,"  for 
powerful  blows  it  is  wielded  **  about  sledge. " 
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Sleeve  Coupling. — ^1.  A  cylindrical  piece 
bored  to  fit  two  lengths  of  shafting  which 
it  serves  to  unite,  one  length  being  keyed 
into  either  end. 

2.  A  screwed  pipe  socket  or  socket  coup- 
ling which  joins  lengths  of  screwed  pipe 

together. 

8.  A  oylindrical  piece,  forming  two  pipe  bells 
plaoed  back  to  baeic«  tiMd  to  connect  ihe  male 
enda  of  two  cast  iron  pipes,  where  necessary. 

Sleeve  Joint* — ^A  method  of  joining  the 
ends  of  wires  by  inserting  them  into  two 
parallel  copper  tubes  soldered  together,  and 
twisting  the  whole  by  a  special  tool. 

Sleeve  of  Plufip. — ^A  tube  of  brass  encasing 
the  forward  end  of  a  telephone  switchboard 
plug  for  the  purpose  of  making  electrical 
contact  with  tne  barrel  of  a  spring  jack. 

Slewing  Gear* — An  arrangement  of  parts 
for  effecting  a  slewing  motion  in  a  crane, 
derrick,  etc. ;  that  is,  swinging  the  iib  from 
side  to  side  on  its  pivot,  so  that  it  is  brought 
fair  with  the  hoist  or  the  place  of  deposit. 
In  hydraulic  cranes,  a  pair  of  opposed 
cyltndera,  <mi6  on  either  side  of  the  pivot,  are 
employed  to  slew  the  jib  through  the  required 
arc,  thus  obviating  the  use  of  guvs  and  accurate 
centering  is  assured  by  means  of  regulable  stops 
on  the  valve  gear. 

Slice  Bar. — A  thin,  wide,  iron  tool,  seven  or 
eight  feet  long,  for  cleaning  clinkers  from 
the  grate  bars  of  a  fire.  The  lower  side 
of  the  slice  bar  should  be  flat  so  that  it  ma^y 
slide  on  the  surface  of  the  grate  bars,  as  it 
is  forced  beneath  the  fire;  the  upper  portion 
of  the  edge  should  be  in  the  shape  ox  a  half  wedge. 
so  as  to  crowd  upwards  the  ashes  and  clinkers 
while  the  lower  portion  slides  along. 

Slide  Resistance. — A  form  of  rheostat 
employed  in  telegraphy  in  which  the  coils 
are  arranged  in  a  circle  and  controlled  by  a 
pair  of  contact  arms,  each  capable  of  mov- 
mg  over  a  half  circle  of  contact  points. 

Slide  Switchboard. — A  telephone  switch- 
board employing  slide  contacts. 

Slide  Valve. — ^In  a  steam  engine,  a  cup 
shaped  piece  of  metal  arranged  to  slide  over 
and  alternately  cover  and  uncover  the 
openings  or  ports  through  which  steam  is 
distributed  to  the  cylinder;  also  called,  D 
valve  and  D  slide.  It  is  situated  in  the 
steam  chest,  and  is  moved  by  the  valve  gear. 
This  type  of  valve  is  satisfactory  for  use  with  low 
and  medium  steam  pressures,  but  on  account  of 
being  unbalanced,  it  is  not  used  to  advantage 
with  the  higher  Dressures.  Accordingly,  it  is 
found  on  single  cylinder  engines,  on  the  low  press' 
ure  cylinder  of  compound  engines,  and  sometimes 


on  both  the  intennediate  and  low  pressure 
cylinders  of  triple  expansion  engines.  JSngines 
using  slide  valves,  can  be  constructed  with 
less  clearance  than  when  fitted  with  piston  valves; 
this  is  an  advantage,  but  is  offset  by  the  perfect 
balance  of  the  pistcm  valve  with  respect  to  the 
steam  features. 

r 

Slide  Wire. — ^The  wire  of  German  silver  op 
platinum  alloy  used  in  connection  with  a 
scale  for  the  adjustable  contact  in  a  slide 
wire  or  met^r  bndge. 

Slide  Wire  Brid^^.—A  form  of  Wheat- 
stone's  bridge-  in  which  a  wire  of  German 
silver  or  platinum  alloy  is  stretched  over  a 
graduated  scale,  the  rest  of  the  circuit  in- 
cluding thick  strips  of  copper  having  two 
gaps  in  which  the  known  and  unknown 
resistances  are  introduced.  The  galvanometer 
included  in  the  circuit  is  connected  with  the  wire 
by  a  sliding  contact  which  is  moved  over  the 
scale  until  a  balance  is  reached  and  the  galvanom- 
eter needle  rests  at  sero;  a  meter  bridge  or  elide 
balance. 

Slidingp  Bed  Plate. — A  dynamo  or  motor 
bed  plate  which  is  movable  within  fixed 
Umits  for  purposes  of  adjustment. 

Slidingp  Contact. — 1.  An  electrical  con- 
tact obtained  by  a  sliding  motion  of  one 
conductor  over  another. 

2.  The  contact  which  exists  between  two 
fiat  suriaces  moved  over  each  other,  as  dif- 
ferentiated from  roUing  contact  in  which  one 
part  rotates  on  the  other. 

Sliding  Contact  Key. — In  a  slide  wire 
bridge,  a  spring  key  which,  when  depressed, 
causes  a  knife  edge  to  make  contact  with 
the  wire. 


Sliding  Friction. — In  mechanics,  the  fric- 
tion existing  between  two  bodies  in  sliding 
contact  with  each  other. 

Sliding  Joint. — A  method  of  joining  ends 
of  metal  parts,  which  are  exposed  to  ex- 
treme changes  of  temperature,  as  for 
example,  rails,  steam-pipes,  etc.,  so  that  a 
certain  fre^om  of  movement  is  allowed  at 
the  joint  for  expansion  and  contraction  of 
the  metal;  also  called  expansion  joint. 

Sliny. — ^An  endless  rope,  by  means  of  which 
objects  are  securely  held  while  being  raised 
or  lowered,  as  with  a  crane  or  pulley  block. 
Chains  are  frequently  used  for  heavy  lifts, 
having  an  eve  at  one  end  and  a  hook  in  the 
other,  by  which  the  sling  is  secured. 
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BHnging  Wires. — 1.  Wire  hooks,  etc.,  up- 
on which  articles  are  slung  within  an  eleo- 
troplater's  baths. 

2.  In  pole  line  construction,  running 
electric  yfvtea  from  pole  to  pole. 

311ii^« — In  efectroplating,  looped  pieces  of 
insulated  copper  wire  employed  for  sus- 
pending articles  in  the  plating  bath;  also 
called  dinging  wires. 

Blip. — 1.  Thftt  amount  by  which  a  mech- 
anism falb  abort  of  its  theoretical  perform- 
ance, with  legard  to  something  to  which 
it  is  not  rigidly  connected,  generally 
expressed  as  a  percentage  of  the  theoretical 
amount;  as,  the  slip  of  an  induction  motor 
or  of  a  pump. 

2.  In  an  induotioii  motor,  the  difference 
between  tiie  actual  speed  of  the  rotor  and 
synchronous  speed.  The  speed  of  the  rotor  is 
lower  than  that  of  the  revolving  field,  because  the 
lines  of  force  must  cut  the  secondary  conductors. 
This  difference,  called  the  Blip,  is  measured  in  per 
cent  of  the  speed  of  the  revolvinc  field  which  is 
known  as  the  synchronov*  apeed. 

Blipnieter. — ^A  device  for  determining  the 
sup  of  an  induction  motor.  There  are 
three  principal  t^rpes;  the  sectored  di^c^ 
employmg  a  disc  with  white  sectors  mount- 
ed upon  the  motor  shaft;  the  vibrating 
reed  consisting  of  an  alternating  current 
electro  magnet  provided  with  a  steel  reed  near 
one  of  its  ends;  and  the  ootnmiUator  slipmeter  in 
which  a  commutator,  with  as  many  seamen ta  as 
the  motor  has  poles,  is  pressed  against  the  end 
of  the  motor  shaft. 

Slip  of  Rotor. — In  an  induction  motor, 
the  difference  in  speed  between  the  rotating 
field  and  the  rotor  conductors.  It  is  usu- 
ally expressed  as  a  percentage  of  the  speed 
of  the  neld. 

SlippaM. — ^In  an  induction  motor,  the 
ratio  between  the  speed  of  the  rotor  and 
synchronous  speed. 

Hipper  Shoe. — ^A  form  of  third  rail  con- 
tact shoe  which  extends  at  right  angles 
from  the  shoe  beam,  permitting  the  use 
of  a  top  guard  over  the  third  rail. 

Ilippinsp  of  Belt.— The  failure  of  a  belt  to 
cung  to  its  pulley  and  properly  transmit  its 
power. 

llip  Rinflpiu — ^In  alternators,  devices  for 
conveying  to  the  line  the  currents  generated 
in  the  armature.  They  consist  of  brass  or 
steel  rings  carried  by  the  shaft  and  insulat- 
ed from  it,  while  copper  or  carbon  brushes 
connected  to  the  line  bear  upon  them  and 
make  sliding  contact;  also  called  collector 
rings. 


Slip  Thimble. — ^In  cable  laying,  an  appli- 
ance for  readilv  releasing  a  buoy  from  its 
connection  with  the  ship. 

Slope. — In  a  magnetic  field,  the  direction  in 
which  the  intensity  of  the  field  of  force 
diminishes. 

Slope  of  PotentiaL — The  drop  of  potent 
tialf  or  the  loss  of  pressure  in  an  electric 
line  due  to  the  resistance  of  the  conductor. 
When  graphically  represented  this  drop 
shows  a  sloping  Ime.  According  to  Ohm's 
law,  the  dinerence  in  potential  between  any 
two  points  within  a  circuit  is  equal  to  the  product 
of  the  strength  of  the  current,  and  the  resistance 
of  that  portion  of  the  circuit  tying  between  those 
points.  It  may  be  stated  in  symbols  as  £=?!  R,  in 
which  E  represents  the  loss  in  volts,  I  the  current 
strength  in  amperes,  and  R  the  resistance  in 
ohms. 

Slots. — Grooves  or  channels  sunk  in  the 
surface  of  an  armature  core  for  the  recep- 
tion of  the  windings. 

Slot  Space  Factor. — In  armature  wind- 
ing, the  ratio  of  the  sectional  area  of  cop- 
per in  an  armature  slot  to  the  sectional  area 
of  the  slot.    It  varies  from  0.3  to  0.5. 

Slotted  Armature. — An  armature  having 
deep  slots  or  channels  in  its  core  to  receive 
the  windings;  an  iron  dad  armature. 

Slotted  Conduit. — In  the  conduit  system 
of  electrical  traction,  a  conduit  for  carrying 
the  conducting  wire,  usually  placed  midway 
between  the  tracks  and  furnished  with  a 
continuous  slot  through  which  connection 
is  made  with  the  car  motors. 

Slot  Wound  Armature — ^A  dynamo  or 
motor  armature  in  which  the  windings, 
instead  of  being  laid  on  the  surface,  are 
imbedded  in  deep  slots  in  the  core;  an  iron 
dad  armature, 

Slovr  Burning  Construction. — A  type 

or  class  of  construction  Suitable  for  miU 
buildings,  in  which  heavy  hardwood  tim- 
bers are  employed,  fitting  closely  into  each 
other,  without  crevices  for  the  accumula- 
tion of  dust,  for  the  passage  of  air  or  for 
affording  plav  to  the  flames  of  a  fire.  Experience 
has  shown  that  such  structures,  while  being  far 
cheaper  than  fireproof  buildings,  resist  the  flames 
so  much  that  little  more  than  a  superficial  char- 
ring is  likely  to  occur  with  ordinary  fires. 

Slovr  Speed  Dynamo. — ^A  dynamo  de- 
signed to  operate  at  low  speed. 

Slow  Speed  Motor. — ^An  electric  motor 
designea  to  operate  at  low  speed. 
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SludM*  —  1.    In   steam   engineering,    the 

muddy  deposit  which  accumulates  in  a 

steam  boiler. 
2.  In  mining,  the  mud  formed  at  the 
>  bottom  of  the  drill  hole,  from  the  cuttings 

and  water.    When  dug  it  is  known  as 

boremecd. 

Sladffe  Cock* — In  steam  engineering,  the 
cock  at  the  bottom  of  a  steam  boiler 
which  is  employed  for  the  purpose  of  clean- 
ing the  boiler  from  sludge  by  periodical 
wcishing  through  by  a  strong  current  of 
water.    Usually  called  blow  off  valve, 

Sln^gimh.  Magnet* — ^A  ^  magnet  that  is 
slow  to  acquire  or  part  with  magnetism. 

Slnice  Oate. — In  hydraulic  engineering,  a 
sliding  plate  which  covers  the  opening  of  a 
sluice,  as  in  a  dam,  dock  wall  or  lock  gate. 
The  ^tes  or  doors  move  in  vertical  chan- 
nels and  are  actuated  by  a  rack  and  pinion, 
or  else  by  means  of  a  long  screw  passing 
through  a  nut  in  the  gate. 

Smashing  Point. — ^In  incandescent  light- 
ing, the  point  reached  when  it  becomes 
more  economical  to  instal  a  new  lamp  than 
to  continue  burning  a  lamp  whicn  has 
passed  its  useful  life.  This  point  can  be 
calculated  when  the  rate  at  which  the 
candle  power  falls  off,  and  the  watts  per 
candle  mcrease,  and  the  cost  of  lamp  and 
electrical  energy  are  known.    • 

Smee,  Alfred.— Bom  1818,  died  1877.  An 
English  metallurgist  and  surgeon.  He 
devoted  much  of  his  time  to  the  study  of 
electrical  science  and  to  chemistry,  de- 
veloping the  primary  battery  known  as  the 
Smee  cell.  His  researches  in  electro- 
metallurgy and  electro-bioloKV  were  of  great 
importance,  a  noteworthy  achievement  being  the 
art  of  electrotyping.  He  also  published  a  number 
of  valuable  works  on  electrical,  sui'gical  and  other 
scientific  subjects. 

Smee  Cell. — A  voltaic  cell  originally  con- 
structed by  Smee  in  which  the  negative 
plate  consists  of  a  thin  sheet  of  platinized 
silver,  with  an  irregular  surface  tending  to 
prevent  the  accumulation  of  hydrogen 
bubbles  and  hence  retarding  polarization. 
The  platinised  silver  plate  ia  usually  attached  to  a 
wooden  bar,  and  zinc  plates,  placed  one  on  each 
side  of  it,  are  kept  m  position  by  a  metallic 
cramp  passing  over  the  top  of  the  bar.  A  bind- 
ing screw,  passed  through  the  wooden  bar  is 
attached  to  the  silver  plate,  and  a  similar  binding 
screw,  on  the  cramp  that  holds  the  sines  to  the 
bar.  An  earthenware  comtaining-veAel  is  re- 
quired: the  battery  is  excited  by  dfilute  sulphuric 
add  (7  volumes  of  water  to  one  of  acid).  This 
cell  ii  admirably  adapted  for  eleotxo-depositing 


and  general  galvanic  experiments:  but  it  is  not 
suitable  for  producing  electric  light,  or  for  inten- 
sity coils.  It  is  easily  managed,  tolerably  con- 
stant, and  requires  only  one  exciting  fluid;  there- 
fore, a  porous  cell  is  dispensed  with. 

Smeltinf^. — Separating  inetals  from  their 
ores  by  the  heat  of  a  furnace^  accompanied 
by  chemical  action.  To  facilitate  tne  lat- 
ter, various  fluxes  are  required  and  some- 
times reducing  agents. 

Smelting^,  Electric. — The  workinjs  o^  °^~ 
era  I  ores  by  the  use  of  the  electric  arc,  in 
which  the  ore  mixed  with  carbon  is  placed 
in  a  suitable  furnace  between  carbon 
electrodes  of  large  size,  and  fused  by  the 
arc  produced  by  a  current  of  intense 
strength. 

Smoke  Prevention* — In  the  combustion 
of  fuels,  a  method  whereby  the  smoke, 
which  consists  of  finely  divided  particles  of 
unconsumed  carbon  or  pellicles  of  carbon 
containing  hydrocarbon  gases,  may  be 
exposed  to  the  incandescent  fuel  together 
with  a  proper  supply  of  air. 

Smooth  Body  Dynamo. — A  dynamo  hav- 
ing a  smooth  core  armature. 

Smooth  Core  Armature. — A  dynamo  or 
motor  armature  having  a  smooth  surface 
over  which  the  winding  is  laid  wholly  out- 
side, as  distinguished  from  a  slotted  arma- 
ture. 

Snake. — ^In  electric  wiring,  a  long  steel 
ribbon  about  i  in.  wide  and  V»  in.  thick 
with  a  steel  ball  at  one  end,  employed  to 
fish  wires  through  a  conduit,  the  ball  being 
pushed  from  one  outlet  to  another. 

Snapper. — 1.  In  cable  laying,  an  arrange- 
ment consisting  of  automatic  metal  jaws 
used  at  the  end  of  a  sounding  line  for  the 
purpose  of  bringing  up  samples  of  the  sea 
bottom. 

2.  In  low  tension  or  make  and  break 
ignition,  a  part  of  the  igniter  mechanism 
which  causes  the  rapid  separation  of  the 
electrodes  to  produce  the  primary  spark. 

Snap  Switch. — A  switch  which  makes  or 
breaks  a  circuit  by  the  action  of  a  spring. 

Sneak  Current. — ^In  a  telephone  circuit,  a 
comparatively  feeble  current  accidentally 
introduced  through  some  fault  in  the  line, 
which,  though  not  strong  enough  to  melt 
the  safety  fuse,  may  accumulate  sufficient 
heat  in  time  to  seriously  injure  a  bell  or 
switchboard  coil.  It  is  arrested  bv  a  pro- 
tective device  known  as  a  heat  coil. 


Sneak  Current  Arrester. 


406 


Soda,  or  Sodium. 


Sneak  Current  Arresier,-^A  device 
usually  known  as  a  heal  coU  which  depends 
for  its  operation  on  the  thermal  effect  of 
the  current.  The  heat  developed  by  the 
passage  of  a  current  though  a  coil  of  low 
conductivitv  melts  the  coil  and  the  circuit 
is  groimded.  Heat  coils  are  employed  in 
telephone  exchanges  to  protect  the  switch- 
board circuits  against  aneak  currents, 

S.  N,  Code. — In  telegraphy,  an  abbrevia- 
tion for  single  needle  code. 

Sniflin^  VfblTe*  —  1.  In  a  condensing 
steam  engine,  a  back  pressure  valve  on  the 
exhaust,  opening  to  the  atmosphere  to 
relieve  any  excess  pressure,  should  the 
condenser  flood ;  a  rdief  valve, 

2.  On  a  looomotivet  a  relief  valve  fitted  to 
tlie  steam  chest  and  ocmstructed  eo  as  to  admit 
air  when  the  engine  is  running  with  closed 
throttle.  This  prevents  the  suction,  created  by 
the  moving  piston,  drawing  in  air  and  cinders 
through  the  ^chaust  nosile. 

Snips. — Small,  stout,  short  lipped  shears, 
used  especially  for  cutting  sheet  metal  and 
wire. 

Snow  Sweeper,  Electric* — A  rotary 
snow  sweeper  driven  by  an  electric  motor. 

S«  N«  Telepmphy. — Abbreviation  for 
single  needle  telegraphy, 

SosJuLge. — 1-  A  term  sometimes  applied 
to  the  small  charge  of  electricity  which 
remains  in  a  Leyden  jar  or  other  con- 
denser after  it  has  been  discharged. 

2.  It  is  also  used  for  the  residual  mag- 
netism which  is  retained  by  a  magnet  after 
the  magnetizing  force  has  ceased  to  act 
upon  it. 

Soaking  Ont. — ^The  gradual  discharge 
which  continues  for  some  time  after  the 
first  rush  of  escape  when  a  conductor  is 
grounded. 

Soapstone* — Steatite,  a  massive  variety  of 
talc.  It  is  often  used  for  switch  bases  and 
switchboard  panels  not  requiring  finish,  as 
it  is  superior  to  slate  in  insulating  proper- 
ties. 

Socket. — 1.  A  recess,  or  a  piece  furnished 
with  a  recess,  into  which  some  other  piece 
mav  be  inserted  and  securely  held;  as,  a 
socket  in  the  ground  for  the  reception  of  a 
post  or  pole. 

2.  Tne  receptacle  into  which  the  base 
of  an  incandescent  lamp  is  fitted.  The 
most  common  form   is  a   cylindrical 


metal  shell  coarsely  threaded  so  that  an 
Edison  base  may  be  screwed  into  it  mak- 
ing contact  with  the  terminals  at  the  top. 
3.  In  a  telephone  switchboard;  a  spring 
jack,  a  deep  socket  provided  with  contacts 
mto  which  a  conducting  plug  may  be  in- 
serted for  interconnecting  subscribers. 

Socket  Base* — ^The  base  of  an  incan- 
descent lamp  designed  to  fit  into  a  socket 
in  which  contact  is  made  with  the  termi- 
nals of  the  circuit.  The  base  in  common 
use  is  the  Edison  base.  It  has  an  outer 
shell  provided  with  a  coarse  screw  thread 
to  which  one  end  of  the  filament  is  connected, 
and  a  projecting  central  contact  piece  joined  to 
the  other  end  of  the  filament,  the  threaded  part 
and  the  projecting  center  making  the  two  con- 
tacts with  the  circuit  when  the  base  is  screwed 
into  the  socket. 

Socket  Bolt. — ^A  bolt  passing  through  a 
thimble  that  is  placed  oetween  the  parts 
required  to  be  connected  by  the  bolt. 

Socket   Joint. — ^A  means   of  connecting 

Eipe  together,  where  a  collar  or  socket  of 
irger  size,  having  an  internal  or  female 
thread,  is  screwed  on  the  end  of  the  one 
pipe,  and  the  next  length  is  screwed  into 
it,  thus  making  a  heavy  and  substantial 
joint. 

Socket  Key«-^A  key  or  switch  in  the 
socket  of  an  incandescent  electric  lamp  by 
means  of  which  the  light  is  turned  on  or 
extinguished.  It  consists  of  a  tap  handle 
which  carries  a  cam  which  works  against  a 
small  brass  disc,  pressing  it  against  a  stud 
on  the  bottom  of  the  lamp  and  releasing 
with  a  snap  action. 

Socket  Lamp. — An  incandescent  electric 
lamp  mounted  upon  a  socket. 

Soda*  or  Sodium. — One  of  the  two  prin- 
cipal alkaline  metals,  found  nowhere  un- 
combined,  but  most  abundantly  diffused 
as  a  compound;  the  chlorides  present  in  sea 
water,  and  forming  huge  masses,  as  rock 

salt,  the  carbonates  in  extensive  deposits, 
as  the  "alkali"  of  the  plains.  The  chemical  man- 
ufacture of  carbonates,  sulphates,  and  caustic 
soda  is  most  important;  as  these  compounds  are 
used  in  immense  quantities  in  glass  manufacture, 
and  processes  too  numerous  to  mention.  There 
are  two  general  processes  of  manufacture:  (1)  the 
Leblanc,  in  which  common  salt  is  treated  with 
sixtv  per  cent,  sulphuric  acid,  resulting  in  sul- 
phate and  hydrochloric  acid*  which  acid,  the  fa- 
miliar spirits  of  salts,  ia  condensed  and  used  to 
form  chlorine  gas  for  bleaching  powder.  The 
sulphate  is  f  usea  together  witii  chalk  or  limestone 
and  small  coal,  formmg  black  ash,  from  which  the 
carbonate  is  washed;  (2)  the  Solvay  or  ammonia 
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proceMi  in  which  strcmg  brine  ie  natarated  with 
ammonia  and  then  deoompoeed  by  caibon  diox- 
ide, forming  carbonate  of  sodium  and  ammonium 
<^loride  or  sal  ammoniac,  which  is  used  in  solu- 
tion as  an  eleotrolyte  for  jfrimary  ceUt. 

Soda  Ash. — The  trade  tenn  for  sodium 
carbonate. 

Sodium  Carbonate. — White,  crystalline, 
very  soluble  in  water,  forming  an  alkaline 
solution.  In  electroplating  it  serves  as  an 
addition  to  copper  and  brass  baths,  and  the 
impure  product  is  used  to  cleanse  objects 
from  grease. 

Sodium  Chloride. — Common  salt,  a  com- 
pound of  sodium  and  chlorine.  It  is  found 
m  a  natural  state  as  rock  salt  and  is  also 
obtained  b^  evaporating  brine.  In  dectro- 
vUUing,  it  is  employed  as  a  conducting  salt 
tor  some  gold  baths,  and  for  precipitating 
the  silver  as  chloride  from  silver  solutions.  Be- 
sides its  familiar  use  in  the  preparation  and 
preservation  of  food,  salt  is  employed  in  the  de- 
rivation of  sodium  carbonate  and  caustic  soda. 

Sodium    Hydrate*    or    Hydroxide. — 

CommerciaUy  known  as  caustic  soda.  It 
is  prepared  from  the  tank  liquor  of  the 
Leblanc  process,  or  from  a  sodium  car- 
bonate solution,  by  heating  with  milk  of 
lime.  Calcium  carbonate  separates  out,  a 
weak  solution  of  caustic  soda  remaining;  this  is 
concentrated  in  iron  pans  until  it  has  attained 
the  desired  consistency^  or  strength,  and  is  then 
cast  in  moulds.     Caustic  soda  is  used  in  electro- 

Elating  for  freeing  objects  from  grease,  it  is 
irgely  employed  in  soap  manufacture,  the  treat- 
ment of  wood  pulp  in  papermaking,  the  purifica- 
tion of  petroleum,  and  the  preparation  of  metallic 
sodium. 

Soft  and  Hard  Copper. — In  electric 
wiring,  ordinary  pure  copper  is  compara- 
tiveiv  soft,  and  a  span  of  any  considerable 
weight  cannot  sustain  its  own  weight.  In 
a  gale,  the  wind  pressure  greatly  increases 
the  stress  upon  the  wire.  Owing  to  refined 
methods  of  production,  pure  copper  wire  can  now 
be  obtained  naving  a  breaking  strength  of  28  to  30 
tons^  per  square  inch.  The  higher  tenacity  is 
obtained  by  the  molecular  arrangement  ^ven  to 
tiie  particles  during  the  process  of  drawmg,  and 
if  the  copper  be  really  ptire,  the  increase  in  resist* 
anoe  due  to  the  hardenmg  is  of  small  amount. 

Soft  Brass. — In  metals,  brass  which  has 
been  annealed  after  drawing  and  rolling; 
used  for  purposes  requiring  diu^ity. 

Soft  Brick. — ^This  embraces  those  bricks 
not  hard  enough  for  outside  walls,  and  in- 
cludes soft,  salmon,  backing  up,  jmle,  light, 
chimney,  filling  in,  inside  wall,  SLudfoundry 
brick. 


Soft  Carbon. — A  term  sometimes  applied 
to  amorphous  carbon  as  distinguished  from 
graphite  or  diamond.  Charcoal,  lamp- 
black and  bone  black  are  amorphous  forms 
of  carbon. 

Soft  Drawn  Copper  Wire. — Copper  wire 
that  has  been  annealed  between  the  draw- 
ings, as  distinguished  from  hard  drawn 
copper  wire. 

Soft  Iron. — ^A  general  term  applied  to  both 
wrought  iron  and  cast  iron  which  can  be 
shaped  with  ordinary  cutting  tools  or 
abraded  readily  with  files.  The  quality 
is  due  to  the  amount  of  carbon  present  and 
the  manner  of  its  combination,  and  also 
to  the  mode  of  crystallisation.  Iron  which  con- 
tains practically  no  caibon,  as  malleable  iron,  is 
very  soft,  so  also  is  iron  wmch  contains  the  maxi- 
mum of  carbon,  as  foundry  pigs,  which  may 
contain  as  much  as  4  or  6  per  cent.  Carbon 
when  i^resent  in  the  graphitical  condition  makes 
a  soft  iron,  but  a  very  much  smaller  proportion, 
when  in  the  combined  state,  yields  white  iron, 
which  is  extremely  hard.  Iron  allowed  to  cool 
slowly  in  sand  is  soft,  while  the  same  iron  cooled 
tapidly  against  a  metallic  cAtU  is  hard.  Soft  iron 
is  used  for  ordinary  castings  which  have  to  be 
machined ;  tough,  slippery  and  hard  iron  being 
reserved  for  special  classes  of  work.  Where  it  is 
necessary  to  machine  castings  of  hard  iron,  grind- 
ing or  cutting  by  means  of  an  extremely  slow  feed 
is  resorted  to. 

Soft  MetaL — ^A  term  expressive  of  the 
density  of  the  particular  metal  in  rela- 
tion to  the  purpose  for  which  it  is  required. 
Metals  are  soft  when  they  are  more  ductile, 
more  elastic,  and  more  easily  cut,  than  the 

same  metals  when  hard.  Hard,  brittle 
metals  are  rendered  softer  b^  annealing,  by  judi- 
cious cooling,  and  b)r  chemical  changes  affecting 
the  relative  proportions  of  foreign  metallic  or 
non-metallic  substances  which  are  always  present 
in  variable  quantities. 

Soft  Patch. — In  boiler  work,  a  patch  or 
covering  over  a  leak  or  defect  which  is 
fastened  with  bolts,  in  contradistinction  to 
a  hard  patch,  which  is  riveted. 

Soft  Porons  Cnp. — ^A  porous  vessel  of 
soft  baked  earthenware  for  use  in  a  two 
liquid  voltaic  cell  to  separate  the  electro- 
lytes, while  permitting  chemical  action  to 
take  place  through  its  pores. 

Soft  Solder. — A  solder  fusible  at  compara- 
tively low  temperatures,  as  various  alloys 
of  lead,  tin,  and  bismuth,  which  melt  at 
from  200^  to  600°  Fahr. 

Soft  Steel. — ^A  tenacious,  bending,  equal 
grained  alloy  of  iron;  low  carbon  steel. 
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Soft  Woods* — ^In  timber,  the  soft  woods 
employed  in  carpenter  work  are  pine,  both 
yellow,  red  and  white,  sprtux,  white  wood, 
etc. 

Soil. — ^In  plumbing,  a  composition  of  lamp- 
black and  size,  which  is  painted  around 
Earts  to  be  soldered,  to  prevent  the  ad- 
esion  of  the  melted  solder,  except  to  its 
proper  place,  and  thus  give  a  neat  and 
finished  appearance. 

Solar  Teleffraph* — The  hdiogravh,  an  in- 
strument tor  transmitting  signals  to  dis- 
tant points  by  means  of  a  mirror  adjusted 
to  reflect  the  sun's  ra^rs  in  a  series  of 
flashes,  in  accordance  with  a  prearranged 
code. 

Solder. — ^A  metal  or  metallic  composition 
for  uniting  the  surfaces  of  metals;  a  metallic 
cement.  Common  solders  consist  of  equal 
pjarts  of  tin  and  lead;  fine  solder,  2  parts 
tin  to  1  part  lead ;  cheap  solder  2  parts  lead 
to  1  part  tin.  The  fusing  points  of  tin  lead 
allo^  are  as  follows: 

TABLE: 


Tinl  to1ead25..658<'F. 

Tiiilitoleadl..334*'P. 

•     1   "     "     10..541*»F. 

"    2     *•      ••    1..340*»F. 

"    1   "    •'      6..5irF. 

"    3     "      "    1..356<'F. 

••    1   "     "      3..482*»F. 

••    4     ••      •'    1..365°F. 

"    1   "    ••      2..44rF. 

"    6     *•      "    1..378?F. 

••    1   ••    ••       1..370«F. 

"    6    "      "    1..381*»F. 

Solder  Ear. — ^A  trollev  ear  supporting  a 
trolley  wire  by  being  soldered  to  it. 

Soldered  Rail  Bond* — ^A  rail  bond  con- 
sisting usually  of  thin  strips  of  annealed  cop- 
per bent  into  a  V  shape  for  greater  flexi- 
oUity,  and  soldered  direct  to  some  part  of 
the  rail  by  means  of  flat  terminals  which  are 
made  sohd  to  provide  good  contact. 

Solderinf^* — The  act  or  process  of  forming 
joints  upon  or  between  metallic  surfaces, 
Dy  means  of  a  fusible  alloy  or  solder,  whose 
melting  point  is  lower  than  that  of  the 
metals  sought  to  be  united.  After  care- 
ful cleansing,  a  flttx  is  applied  to  prevent 
oxidation  while  heated*  a  suitable  quantity  of 
solder  is  fused  on  the  joint,  by  a  heated  copper 
bit  or  by  the  blow  pipe  flame,  according  as  to 
whether  soft  or  hara  solder  is  employed.  The 
soft  solder  easily  follows  the  track  of  the  iron, 
along  the  heated  parts,  by  surface  tension,  but 
the  hard  solder  requires  more  careful  preparation 
and  manipulation. 

Solderinfif  Bolt* — ^A  copper  bit,  used  when 
heated  by  tinsmiths  ana  plumbers,  to  apply 
soft  solder  to  a  seam  or  joint. 


Solderlii§^»  Electric* — 1.  The  use  of  elec- 
tric heat  in  melting  solder. 

2.  Joining  the  ends  of  two  conductors  by 
electroplating  their  junction  as  they  are 
held  in  contact. 

Soldering^  Flux* — ^A  material  used  to  assist 
in  the  removal  of  oxides^  etc.,  which  form 
on  metallic  surfaces  while  heated,  during 
the  process  of  soldering,  and  assist  the 
solder  to  run  on  the  joints.  Resin  is  used 
for  electrical  connections,  and  either  it  or  a 
solution  of  zinc  chloride  is  used  for  soft 
soldering;  powdered  borax  is  used  with  the 
blow  pipe  flame  in  hard  soldering. 

Solderlni^  Furnace* — ^A  small  heating 
apparatus  carried  by  plumbers  and  tin 
men  for  melting  solder  and  heating  their 
soldering  tools. 

Solderingf  Iron*  Electric* — ^A  soldering 
iron  employing  electric  heat.  The  bolt  of 
copper  IS  surroimded  by  an  insulated  coil 
of  wire  which  generates  sufficient  heat  upon 
the  passage  of  an  electric  current  to  heat 
the  iron  to  a  proper  temperature. 

Solenoid* — A  spiral  of  conducting  wire 
woimd  cylindncaUy  so  that,  when  an 
electric  current  passes  through  it,  its  turns 
are  nearly  eamvalent  to  a  succession  of 
parallel  circular  circuits,  and  it  acquires 

magnetic  properties  similiar  to  those  of  a 
bar  magnet.  The  lines  of  force  must  be  thought 
of  as  closed  loops  linked  with  the  current.  The 
conductor  conveying  the  current  passes  through 
all  the  loops  of  force,  and  these  are,  so  to  spealc, 
threaded  or  slung  on  the  current  line  of  flow.  It 
will  be  readily  mferred  that  since  a  solenoid  of 
wire  convening  a  current  attracts  and  repels  by 
its  extremities  the  poles  of  a  magnet,  two  bucq 
spiral  conductors  conveying  currents  should 
attract  and  repel  each  other.  This  is  found  to  be 
the  case. 

The  lines  of  force  form  continuous  closed  curves 
running  through  the  interior  of  the  ooil,  and 
issuing  from  one  end  and  entenng  into  the  other 
end  of  the  coiL 

A  solenoid  has  north  and  south  poles,  and  in 
fact  possesses  all  the  properties  of  an  ordinary 
permanent  magnet,  with  the  important  difference 
that  the  magnetism  is  entirely  under  control,  for 
it  is  found  that  under  all  circumstcmces  the 
strength  of  the  msgnetic  field  of  a  solenoid  is  at 
every  point  proportional  to  the  streni^  of  the 
electric  current  passing  through  its  eoils:  if  the 
current  be  increasedt  we  magnetism  is  increased 
in  proportion  also:  and  if  the  current  be  stopped, 
all  trace  of  magnetism  disappears.  The  magnetic 
effect  or  the  msgnetising  power  of  a  solenoid  is 
also  proporUonalto  the  number  of  tunia  of  wire 
composing  the  coil.  At  first,  the  presence  of  an 
iron  core  greatly  increases  the  strength  of  the 
field;  after  a  time,  however,  as  the  stmigth  cf  the 
current  Sowing  in  the  exciting  ooils  is  increased, 
the  conductibiuty  of  the  iron  for  the  lines  of  force 
appears  to  decrease,  until  a  point  is  eventually 
reached  when  the  presence  of  the  iron  core 
appears  to  have  no  effect  in  inoreaaing  the 
strength  of  the  field. 
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Solenoidal  Blow  Out. — A  magnetic  blow 
out  employing  a  coreless  solenoid  as  an 
electromagnet. 

Solenoidal  Distribntion  ot  Ma^^net- 
ism. — ^The  distribution  of  lines  of  mag- 
netic flux  around  and  in  a  bar  magnet, 
which,  according  to  Ampere's  theory,  is 
identical  with  the  flow  of  magnetizing  force 
in  a  solenoid. 

Solenoidal  Mafl^et. — ^A  bar  magnet  in 
which  Lines  of  magnetic  flux  are  considered 
as  flowing  in  the  same  manner  as  in  the 
coils  of  a  solenoid. 

Solenoid  Core. — ^A  bar  or  rod  of  soft  iron 
placed  within  the  coils  of  a  solenoid  for  the 
purpose  of  intensifying  its  magnetic  prop- 
erties. 

Solenoid  Galvanometer. — A  galvanom- 
eter whose  magnetic  needle  is  acted  upon 
by  the  coils  of  a  solenoid  which  surround  it. 

Solid  Ang^le. — The  angle  made  by  the 
intersection  of  three  plane  surfaces  at  one 
point. 

Solid  Back  Transmitter. — A  modem 
form  of  telephone  transmitter  so  called 
because  the  back  electrode  is  rigidly  sup- 

5orted  by  the  frame  of  the  instrument, 
'he  front  is  very  stiff,  having  the  hard  rub- 
ber mouthpiece  screwed  into  it.  The 
diaphragm  of  aluminum  lieff  just  back  of  the  front 
with  a  rubber  band  snapped  over  it  to  provide  an 
insulated  cushion  seat  for  the  diaphragm.  The 
two  electrodes  are  carbon  discs,  the  space  between 
them  being  partially  filled  with  carbon  granules. 
The  vibrations  of  the  diaphrai^  are  transmitted 
to  the  front  electrode  by  a  pin  which  makes  a 
rigid  connection  between  them. 

Solid  Carbons. — Carbons  for  arc  lamps 
made  of  uniform  density  throughout,  as 
distinguished  from  cored  carbons. 

Solid  Condnit. — A  conduit  for  under- 
ground wiring  in  which  the  conductors  are 
permanently  embedded  in  insulating  mate- 
rial, preventing  their  removal. 

Solid  Depolariaer. — ^The  use  of  a  solid, 
such  as  the  platinum  on  the  silver  electrode 
of  a  Smee  cell,  as  a  mechanical  means  of 
reducing  polarization  in  a  primary  cell. 

Solid  Earth. — A  term  sometimes  used  for 
dead  earthy  a  fault  in  an  electric  circuit  due 
to  the  complete  grounding  of  the  line. 


Solid  Thermostat. — ^A  thermostat  which 
closes  an  electric  circuit  by  the  expansion 
of  a  solid  body  under  excessive  heat. 

Solid  Wire. — An  electric  conductor  con* 
sisting  of  a  single  cyUndrical  wire. 

Solnbility. — ^The  property  or  capacity  of 
being  dissolved;  as,  by  an  acid,  by  watei:, 
etc.;  capabihty  of  being  taken  up  as  a 
solution. 

Soluble  Electrodes. — In  electroplating, 
metal  electrodes  which  are  dissolvea  by  the 
electric  current  for  the  purpose  of  deposit- 
ing the  metal  upon  articles  to  be  plated. 

Soluble  Glass. — A  thick,  syrupy  liquid 
made  by  melting  together  sooium  car- 
bonate and  siliceous  sand.  It  may  be  mix- 
ed with  water,  and  if  painted  over  a  wall  is 
decomposed  by  the  action  of  the  carbon 
dioxide  in  the  air,  a  film  of  silica  or  silicate 
being  left,  forming  a  hard  protective  sur- 
face or  enamel  on  the  wall.  Also  known  as 
water  glass. 

Solution. — ^The  action  of  an  attraction  be- 
tween one  or  more  solids  and  a  fluid  when 
brought  in  contact,  by  which  the  former 
become  themselves  fluid,  and  are  diffused 
through  the  latter  without  change  or  loss  of 
properties;  the  state  of  a  body  as  thus  dif- 
fused. When  this  attraction  is  completely 
satisfied  so  that  no  more  of  the  solid  will  be 
dissolved,  the  fluid  is  said  to  be  saturated. 

Solvent. — ^In  chemistry,  a  liquid  in  which 
a  substance  is  dissolved  to  make  a  solu- 
tion; thus,  water  is  the  solvent  for  acids. 

Sonometer. — ^An  apparatus  for  studying 
the  relation  between  the  length  of  musical 
strings  and  the  pitch.  It  consists  essential- 
ly of  a  sounding  box  carrying  a  graduated 
scale  over  which  a  string  is  stretched  be- 
tween two  fixed  bridges,  and  over  a  movable 
bridge  which  may  be  set  at  any  desired 
length. 

Sonoreseence. — A  property  exhibited  by 
hard  rubber  and  certain  otner  substances, 
of  emitting  sound  when  acted  upon  in- 
termittently by  radiant  heat  or  light. 

Sonorous. — Producing  sound  when  struck; 
resonant. 

Soot. — A  black  substance  formed  by  com- 
bustion, or  disengaged  from  fuel  in  tne  pro- 
cess of  combustion,  rising  in  fine  particles. 
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and  adhering  to  the  sides  of  the  chimney 
or  pipe  conveying  the  smoke;  strictly,  the 
fine  powder,  consisting  chiefly  of  carbon, 
that  colors  smoke,  andf  which' is  the  result 
of  imperfect  combustion. 

Soot  Cell. — A  carbon  ceU  employed  in  con- 
nection with  a  radiophone. 

Sound. — The  sensation  produced  on  the 
mind  by  the  impact  upon  the  ear  of  sound 
waves  transmitted  through  the  air  by  the 
vibrations  of  a  sounding  body. 

Sounder. — In  telesraphy,  an  instrument 
consisting  essentially  of  an  electromagnet 
with  an  armature  moving  between  stops, 
thereby  making  two  distinct  sounds  re- 
presenting the  dot  and  dash  of  the  Morse 
code,  by  which  the  operator  can  read  a 
message  by  ear. 

Sonnd  Error. — In  telegraphy,  an  error 
made  by  an  operator  in  reading  a  message 
by  sound. 

Sounding  Doard. — ^In  a  stringed  musical 
instrument  as  a  violin  or  cello,  a  resonant 
wooden  box  that  vibrates  in  imison  with 
the  string  and  intensifies  the  sound;  also 
called  sounding  box. 

Sonndingf  Tube. — A  tube  attached  to  the 
end  of  a  soimding  Une  by  means  of  which 
samples  of  the  sea  bottom  may  be  brought 
to  tne  surface. 

Sound  Waves. — ^Waves  of  vibrating  air 
particles  transmitted  through  the  air  by  the 
vibrations  of  a  sounding  body. 

Source.  Electric.  —  Any  appliance  for 
generating  an  electromotive  force. 

Sources  of  Energy. — On  the  earth's 
surface,  the  principal  sources  of  energy 
are:  (I)  muscular  energv  of  man  and 
animals,  (2)  the  wind,  (3)  flowing  water, 
and  (4)  fuel.  These  sources  are  made  pos- 
sible by  the  rays  of  the  sun,  as  under  its 

influence  vegetation  grows  and  wood  is  fonned. 
When  fuel  is  burned  under  a  steam  boiler  three 
tenths  of  its  heat  energy  escapee  in  the  chimney 
and  by  radiation:  seven  tenths  appears  as  poten- 
tial eneigy  in  the  steam.  Of  this  seven  tenths, 
six  parts  are  spent  in  heating  the  condensing 
water  and  the  remaining  one  tenth  of  the  original 
beat  energy  of  the  wood  is  converted  into  me- 
chanical work  by  the  steam  engine.  All  the 
potential  heit  energy  of  the  fuel  is,  after  various 
transformations,  converted  into  hont,  which  min- 
gles with  the  store  of  heat  in  the  atmosphere. 
Though  apparently  lost,  it  is  not  destroyed. 


Southern  Ughtu. — ^The  aurora  auatralU, 
the  counterpart  of  the  northern  lights  or 
aurora  borealis,  seen  in  the  southern  hemi- 
sphere in  the  direction  of  the  south  mag- 
netic pole.  It  exhibits  the  same  character- 
istics as  the  northern  aurora,  showing  broad 
flashes  or  ribbons  of  waving  li^t  wmch  are 
undoubtedly  due  to  electrical  causes. 

South  Magnetism. — ^The  magnetism  of 
the  south  pole  of  a  magnet  which  tends  to 
point  toward  the  earth's  south  magnetic 
pole.  The  magnetism  of  the  south  seeking 
pole  as  distinguished  from  that  of  the  north 
seeking  pole. 

South  Pole  of  Magpiet. — ^That  pole  of  a 
magnet  or  magnetic  needle  which  tends  to 
point  to  the  south;  also  called  the  austral, 
blue,  negative,  south  seeking  pole  or  un- 
marked end. 

South  Seekinfif  Pole  of  Magnet.— The 
south  pole  of  a  magnet. 

S.  P. — ^Abbreviation  for  single  pole, 

Spaco  Factor. — In  armature  winding,  the 
ratio  of  the  sectional  area  of  the  copper  in 
an  armature  slot  to  the  sectional  area  of  the 
slot.    It  varies  from  0.3  to  0.5. 

Spacer. — In  double  current  telegraphy,  an 
electromagnetic  device  for  sending  reverse 
currents  into  the  line. 

Space  Telegraphy. — A  term  sometimes 
used  for  wireless  telegraphy. 

Spacing^  Battery. — In  the  double  current 
system  of  telegraphy,  a  battery  for  sending 
spacing  currents. 

Spacing^  Current. — 1.  In  double  current 
telegraphy,  a  current  used  in  connection 
with  a  polarized  relay  in  the  reverse  direc- 
tion to  the  "marking"  current  to  restore 
the  tongue  of  the  relay  to  the  spacing  side. 
2.  In  automatic  telegraphy,  a  current 
opposite  in  direction  to  the  "marking"  cur- 
rent so  that  spaces  are  left  in  the  recorded 
message  between  the  dots  and  dashes. 

Span  Cable  Way. — In  a  telpher  system, 
a  tightly  drawn  overhead  cable  for  support- 
ing the  car  and  conveying,  power  to  its 
motor. 

Span  Dogrs* — A  pair  of  timber  does  linked 
together  at  one  end  by  means  of  a  ring. 
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The  dogs  span  or  straddle  the  log^  the  fangs 
are  driven  into  the  wood  on  either  side, 
thus  grappling  it  for  hauling  or  hoisting. 

Span  Guard  Wire. — In  a  trolley  system, 
a  guard  wire  stretched  across  the  street 
above  the  span  wire,  at  right  angles  to  the 
running  guard  wire,  to  further  protect  the 
line  from  the  danger  of  falling  wires. 

Spanish  Spoon. — In  pole  line  construction, 
a  long  handled  shallow  ladle-shaped  shovel 
for  digging  post  holes;  a  spoon  shovel. 

Span  Wire  Hangers* — ^Trolley  hangers 
oy  means  of  which  the  trolley  wire  is  at- 
tached to  the  span  wires. 

Span  Wires. — In  a  trolley  system,  wires 
stretched  across  the  street  from  side  poles 
for  supporting  the  trolley  wire. 

Span  Wire  Suspension. — In  a  trolley 
s^tem,  a  method  of  suspending  the  trolley 
wire  over  the  center  of  tne  tracks  by  means 
of  steel  span  wires,  stretched  across  the 
street  from  side  posts  set  along  the  curb. 

"Spare**  Machine. — An  extra  machine,  as 
a  dynamo  or  motor  held  in  reserve  in  an 
electric  plant,  so  as  to  be  available  in  case 
of  accident  in  the  installation. 

Spare  Parts. — ^The  supply  of  duplicate 
portions  of  machinery  together  with  the 
order  to  which  they  belong,  consisting  of 
those  which  wear  out  rapidly  and  there- 
fore require  frequent  replacement,  or  those 
vital  parts  upon  whicn  the  efficiency  of 
the  machine  or  engine  mainly  depends, 
and  which,  in  the  case  of  a  break  down, 
it  would  be  difficult  or  impossible  to  re- 
place immediately. 

Spark. — ^In  mechanics,  a  small  particle  of 
fire  or  ignited  substance  which  is  emitted 
from  bodies  in  combustion. 

Spark  Advance. — In  an  internal  combus- 
tion engine,  an  advance  given  to  the  spark 
ignition  to  ensure  complete  combustion  at 
the  beginning  of  the  power  stroke. 

Spark  Arrester. — Wire  netting  used  to 
screen  the  carbons  of  arc  lamps  to  prevent 
the  scattering  of  sparks  from  the  arc. 

Spark  Chronograph. — A  form  of  chrono- 
graph in  which  a  continuous  tracing  made 
by  a  stylus  is  interrupted,  at  the  beginning 


and  end  of  the  event  to  be  measured,  by 
minute  perforations  made  by  electric 
sparks  from  a  Ruhmkorff  coil. 

Si>ark  Coil. — 1.  A  familiar  name  for  the 
induction  coil  employed  to  create  oscilla- 
tions in  wireless  telegraphy,  to  provide 
ignition  in  automobiles,  and  for  other  pur- 
poses in  telephone  and  medical  work.    It 

consists  essentialljr  of  a  core  composed  of  a 
bundle  of  soft  iron  wires  surrounded  by  two  separ 
rate  windings,  a  primary  ni?de  up  of  a  compara- 
tively few  turns  of  ooarae  ^ire»  and  a  wcondary 
composed  of  yery  many  turns  of  finer  wire,  the 
two  coils  being  msuUted  from  each  other.  The 
primary  coil  is  connected  to  the  battery  through 
a  contact  breaker  which  magnetises  and  demag- 
netised the  core  at  a  rate  governed  by  a  spring. 
The  lines  of  force  so  created  out  the  secondary 
and  set  up  in  it  an  induced  electromotive  force 
which  may  be  made  great  enough  to  cause  sparks 
of  considerable  length  to  jumpbetween  the  elec- 
trodes of  a  spark  gap. 

2.  In  a  syst«>m  of  electric  gas  lighting,  a  coil 
of  many  turns  of  insulated  wire  wound  about  an 
iron  core  for  the  purpose  of  intensifying  the  spark 
on  breaking  tiie  circuit. 

Spark  Condenser. — ^In  spectroscopy,  a 
form  of  spark  gap  having  its  termmals 
fused  into  a  glass  vessel  containing  the 
medium  whose  spark  spectrum  is  to  be 
observed. 

Spark  Dischar^re. — A  disruptive  electric 
discharge  which  takes  place  oetween  two 
electrodes  across  a  dielectric,  accompanied 
by  a  sparks 

Sparky  Electric. — The  luminous  manifes- 
tation exhibited  in  a  spark  discharge. 

Spark  Gap. — 1.  The  space  between  two 
electrodes  brought  to  a  difference  of  poten- 
tial, filled  with  the  dielectric  through  which 
the  spark  discharge  takes  place. 

2.  The  distance  between  the  two  metal- 
lic points  in  a  spark  plug.  The  amount  of 
opening  varies  from  about  ^  in.  to  j^  u^« 

Spark  Gangfe. — ^A  spark  gap  in  air  so  con- 
structed that  the  oistance  between  the 
sparldng  points  can  be  accurately  deter- 
mined. 

Sparkinif. — Giving  off  sparks  at  the  con- 
tacts between  the  orushes  and  the  commu- 
tator of  a  dynamo  armature  due  to  bad 
adjustment  or  bad  condition  of  the  parts, 
and  resulting  in  serious  injury  to  the 
machine  if  allowed  to  continue; /cw^tng. 

Sparkinif  Circuit. — The  electrical  wiring 
of  a  gasoline  engine  or  of  a  motor  car  con- 
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necting  the  d3niamos,  aocumulatorsy  in- 
duction coils  and  sparking  devices  whereby 
ignition  of  the  charge  is  effected. 

Sparking  Coll. — ^An  induction  coil  as  used 
with  an  internal  combustion  engine;  also 
called  spark  coil,  indtuUion  coU,  etc. 

Sparking  Discharge. — A  spark  discharge. 

Sparking  Distance. — ^The  length  of  the 
spark  gap  through  a  dielectric  across  which 
a  spark  discharge  takes  place;  the  striking 
distance. 

Sparking  Terminals. — ^The  terminals  or 
electrodes  separated  by  a  spark  gap. 

Sparkless  Commntation. — Operating  a 
dynamo  without  sparking  at  the  com- 
mutator brushes;  quiet  commutation. 

Spark  Hierometer. — 1.  An  electric  res- 
onator having  a  spark  gap  which  may  be 
delicately  adjusted  by  a  micrometer  screw. 
2  A  spark  gap  adjustable  by  a  microm- 
eter screw  for  the  purpose  of  measuring 
the  length  of  an  electric  spark. 

Spark  Plu^. — ^A  plug  of  some  non-conduc- 
ting matenal,  such  as  lava,  screwed  into 
the  wall  or  head  of  a  gas  engine  or  motor 
cylinder;  it  holds  and  insulates  the  two 
German  silver  or  platinum-iridium  points 
between  which  the  igniting  electric  spark 
leaps. 

Spark  Regulator. — A  device  for  control- 
ling the  spark  advance.  Many  gas  and 
gasoline  engines  effect  their  governing  by 
regulating  the  timing  of  the  spark,  advanc- 
ing it  as  more  power  is  required,  retarding 
it  as  the  demand  for  power  decreases; 

called  timer^  aJso  dittributer  in  sjrnchronous  igni- 
tion. The  latter  term  is  frequently  used  errone- 
ously for  the  contact  maker  of  a  magneto. 

Spark  Tube. — ^A  tube  used  to  test  the 
degree  of  exhaustion  reached  in  the  vacuum 
of  an  incandescent  lamp  bulb.  When,  up- 
on being  connected  with  an  induction  coil, 
a  spark  ceases  to  pass  within  the  tube,  the 
vacuum  is  considered  satisfactory. 

Spasmodic  Oovemor. — A  governing  de- 
vice for  electric  motors  which  regulates 
the  current  applied  in  proportion  to  the 
work  required. 

SpawL — ^A  splinter  or  fragment,  as  of  wood 
or  stone. 


S.  P.  Cnt  Out. — ^Abbreviation  for  single 
pole  cut  out. 

Speaking  Galvanometer. — ^A  mirror 
galvanometer  for  receiving  signals  over  a 
submarine  cable. 

Speaking  Key. — ^A  telegraph  key  used  in 
transmitting  signals. 

Speaking  Uirror  Ping. — ^A  plug  for  a 
cable  telegraph  mirror  galvanometer  pro- 
vided with  a  suspended  mirror  and  ma^et. 

Speaking  Switck. — In  telegraphy,  a  sig- 
nal or  sending  switch. 

Speaking  Tube  Moutb  Piece  Alarm. — 

An  electric  bell  that  is  rung  at  the  distant 
end  of  a  speaking  tube  by  the  movement 
of  the  metal  plate  in  the  mouth  piece  at  the 
calling  end. 

Speaking  Tube  Telepbone  System. — 

A  name  sometimes  given  to  a  house  tele- 
phone system  making  its  various  connec- 
tions without  the  use  of  a  central  switch- 
board. 

Speaking  Wire. — In  a  telephone  system, 
a  wire  tor  communicating  between  two 
exchanges,  as  distinguished  from  the  sub- 
scribers' wires. 

Specification. — In  erecting,  a  statement 
of  particulars;  a  document  setting  forth  the 
various  requirements,  conditions,  and  stip- 
ulations with  regard  to  dimensions,  quality 
of  material,  class  of  workmanship,  tests  or 
trial  performance,  of  anything  about  to  be 
manufactured  or  built;  such  a  schedule  of  particu- 
lars is  usually  furnished  to  would  be  contracton 
or  furnishers,  by  the  person  or  corporation  desir^ 
ous  of  being  supplied,  or  by  the  technical  ad- 
visers of  the  latter. 

Specific  Conductance  or  Condnc- 
tivity. — A  standard  of  reference  for  com- 
paring the  conductances  of  different  sub- 
stances. It  is  the  conductance  between 
the  opposite  faces  of  a  unit  cube  of  a  sub- 
stance in  mhos;  being  the  reciprocal  of 
specific  resistance  or  resistivity. 

Specific  Gravity • — ^The  weight  of  a  given 
substance  relatively  to  an  equal  htuk  of 
some  other  substance  which  is  taken  as 
a  standard  of  comparison.  Water  is  the 
standard  for  liouids  and  solids,  air  or  hydro- 

fen  for  gases    If  a  certain  mass  be  weighed 
xBt  in  air  then  In  water,  and  the  weight  in  air 
divided  by  the  loss  of  weight  in  water,  the  result 
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will  give  the  specific  jsravi^;  thus,  taking  a  ten 
pound  piece  of  cast  iron,  its  weu(bt,  suspended 
from  the  scale-pan  in  a  bucket  otwater,  will  be 
8.0  lbs.,  dividing  10  by  the  difference  10—8.6  or 
1.4,  the  answer  will  be  7.14,  which  is  the  specific 
gravity  of  cast  iron. 

Specific  Heat. — ^The  amount  of  heat  re- 
quired to  raise  the  temperature  of  a  sub- 
stance a  unit  amount,  as  from  0°  to  1^  of 
the  thermometer  scale,  as  compared  with 
water  under  the  same  conditions,  taken  as 
a  standard.  Thus,  the  same  quantity  of 
heat  which  will  raise  one  pound  of  water  1^  Puir., 
will  raise  about  4i  pounds  of  cast  iron  1^  Fahr., 
so,  the  specific  heat  of  water  being  taken  as  1, 
that  of  cast  iron  is  0.241. 

Specific  Hysteretic  Dissipatioiu^The 

hysteresis  loss  experienced  by  any  sub- 
stance per  unit  of  volume. 

Specific     Inductive     Capacity. — The 

ratio  between  the  capacity  of  a  condenser 
employing  a  certain  substance  as  dielectric 
to  the  capacity  of  a  condenser  of  equal  size 
with  an  air  dielectric  taken  as  a  standard; 
the  dielectric  coefficient  or  constant.  Also 
called  specific  capacity  and  specific  dielectric 
capacity. 

Specific  Mafl^etic  Capacity  or  Con- 
dnctiwity* — ^The  ratio  of  the  magnetic 
flux  density  of  a  magnet  to  the  magnetizing 
force  acting  upon  it.  It  is  the  relative  con- 
ducting power  for  lines  of  force  and  hence 
the  reciprocal  of  reluctivity  or  specific 
magnetic  reluctance.  Also  called  per- 
meabUity, 

Specific  Magnetic  Reluctance  or  Re- 
sistance.— ^The  reluctance  per  unit  of 
length  and  unit  cross  section  that  a  material 
offers  to  being  magnetized.  It  is  usually 
taken  as  the  reluctance  of  one  centimeter 
cube  of  the  magnetic  path.  Also  called 
rducHvity. 

Specific    Molecnlar    Condnctiwity.  — 

The  molecular  conductivity  of  an  electro- 
lyte taken  in  comparison  with  that  of  a 
substance  adopted  as  a  standard. 

Specific  Relnctance. — The  same  as  spe- 
cific magnetic  reluctance;  reluctivity. 

Specific  Resintance. — ^The  resistance  in 
ohms  of  unit  length  of  a  substance  having 
unit  cross  sectional  area,  and  at  a  given 
temperature;  resistivity. 

Specific  Volume. — In  physics,  the  volume 
of  a  gas  or  vapor  compared  with  that  of  the 
liquid  from  wnich  it  is  generated. 


Spectrograph. — An  instrument  for  photo- 
graphing a  spectrum,  consisting  of  a 
spectroscope  m  which  a  photographic 
plate  is  introduced  instead  of  an  eve  piece, 
m  the  focal  plane  of  the  telescope  objective. 

Spectrometer. — ^A  spectroscope  provided 
with  a  gradiiated  circle  for  measuring  the 
duration  of  the  light  in  passing  through  the 
prism. 

Spectro-photometer. — ^An  instrument  by 
means  of  which  the  spectra  of  two  light 
sources  are  caused  to  be  placed  one  above 
the  other  for  the  purpose  of  making  a 
comparison  of  their  color  bands. 

Spectro-photometry. — The  science  and 
practice  of  using  the  spectro-photometer  in 
measuring  and  comparing  the  intensities 
of  the  colors  of  different  spectra. 

Spectroscope. — An   instrument  whereby 

a  spectrum  is  produced  from  any  source  of 

light,  in  order  that  it  may  be  examined. 

The  rays  of  light  are  formed  into  a  parallel 

beam,  d^  means  of  a  collimator ,  which  is  a 

tube  with  an  adjustable  slit  presented 
towards  the  light,  and  a  Una  at  or  near  the  other 
end.  As  the  light  issues  from  the  lens,  it  falls 
upon  a  prism,  oy  means  of  which  the  parallel 
beam  is  split  up  mto  a  spectrum.  This  latter  is 
viewed  through  an  adjustable  telesoope*  the  posi- 
tion of  the  various  lines  and  bands  oeing  ascer- 
tained by  means  of  crosswires,  scales  and  ver- 
niers. 

Spectrum. — An  image  or  brilliantly  colored 
hand  thrown  on  a  screen  by  the  refraction 
of  a  beam  of  light  through  a  prism.  The 
colors  merge  into  one  another,  but  form 
seven  easily  distinguishable  groups:  red, 
orange,  yellow,  green,  blue,  indigo,  violet; 
each  color  being  produced  by  a  different  wave 
length  of  the  ray,  and  the  grouping  due  to  the 
varying  deviation  through  the  priBm«  which  is 
greatest  with  the  violet  and  least  in  the  red. 
The  rainbow  furnishes  a  familiar  instance  of  the 
solar  spectrum,  the  rays  of  sunlight  being  decom- 
posed and  refracted  by  the  falling  rain  drops. 

Spectrum  Analysis. — When  any  element 
is  burned  it  gives  a  characteristic  flame, 
and  examination  of  that  flame  by  means  of 
the  spectroscope  shows  that  each  element 
will  give  its  own  spectrum,  composed  of 
wave  lengths  peculiar  to  itself. 

Speed  Direction  Indicator. — ^An  indi- 
cator employed  on  a  steamship  to  show  the 
speed  at  which  the  propeller  shaft  rotates, 
and  the  direction  of  its  motion. 

Speed  Gear. — ^In  an  automobile,  the 
change  speed  gear,  whereby  the  speed  ratio 
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of  the  engine  and  rear  wheels  of  the  car  is 
changed  according  to  the  gradient  or  run- 
ning conditions. 

Si^eed  Indicator. — 1.  A  device  for  show- 
ing the  rate  of  speed  at  which  a  vehicle  is 
proceeding,  either  by:  (1)  the  height  of  a 
liquid  column  in  a  glass  tube,  the  oil  or 
water  being  forced  up  by  means  of  a  rotary 
pump  driven  by  the  axle  of  the  vehicle;  (2) 
the  height  to  which  a  Bmall  centrifugal  governor 
will  rise  in  the  same  circnunstances,  the  sleeve 
pulling  a  needle  around  a  graduated  dial  The 
same  as  tachometer,  the  latter  usually  indicating 
lovolutions  and  not  distance. 

2.  A  portable  counter  for  revolutions.  The 
observer  thrusts  the  point  of  the  spindle  of  the 
instrument  into  the  center  left  in  the  end  of  the 
revolving  shaft,  and  tiie  revolutions  are  regis- 
tered by  a  train  of  gearing.  By  noting  the 
figures  at  the  beginning  and  end  of  a  stated 
period,  the  rate  of  revolutions  per  minute  is 
easily  computed.  Some  speed  indicators  are  ai^ 
ranged  with  adjustable  pointers  which  may  be 
brought  to  sero,  ^us  reading  directly  the  number 
of  revolutions. 

Speeding^  of  Dynamo. — ^Adjusting  the 
speed  of  a  dynamo  to  the  requirements  of 
its  external  circuit. 

Speed  of  Ipiition. — ^This  has  reference  to 
the  rapidity  with  which  chemical  combina- 
tion takes  place  between  the  air  and  gas 
in  a  gas  engine.  The  speed  of  ignition 
varies  with  the  compression,  temperature, 
and  q^uality  of  the  mixture.  Tne  speed 
of  ignition  must  alwa^  exceed  the  piston 
speed  in  order  to  obtam  the  best  results. 

Speed  of  Rotation. — ^The  number  of  rev- 
olutions per  unit  of  time  performed  by  a 
rotating  body. 

S|»elter. — 1.  A  commercial  name  for  zinc 
in  the  impure  state  in  which  it  is  shipped 
from  the  mines. 

2.  An  alloy  of  copper  and  zinc,  mixed  to- 
gether in  various  proportions,  of  needle- 
like  or  granular  form.  This  is  used  in 
brazing,  and  is  the  same  as  hard  voider. 

Spent  Acid. — ^An  acid  solution  that  has 
Decome  exhausted  so  that  it  is  no  longer 
capable  of  performing  chemical  action. 

Spent  Liquor. — ^The  liquid  of  a  plating 
oath  out  of  which  so  much  of  the  dissolved 
metal  has  been  deposited  as  to  render  it  no 
longer  effective  for  electroplating. 

Spermaceti  Candle. — ^A  candle  made 
from  spermaceti,  a  white  waxy  substance 
obtained  from  the  head  of  the  sperm  whale, 


and  prepared  by  chilling  and  expressing. 
The  commercial  candle  contains  an  admix- 
ture of  wax.  It  is  the  standard  candle  for 
establishing  candle  powr,  the  British  unit  of  illu- 
mination. One  candle  power  is  the  ligKt.  of  ^ 
sperm  candle  consuming  120  grains  per  hour. 

Spewing  of  Cable  Core.— A  break  in  a 
submarme  cable  such  that  the  core  pro- 
trudes through  the  sheathing. 

Sp«  Gr.  —  An  abbreviation  for  specific 
gravity. 

Spherical  ^  Aberration. — ^A  want  of 
sharpness  in  images  seen  through  lenses  or 
reflected  from  spherical  mirrors  having  an 
aperture  of  excessive  length. 

Spherical  Armature. — A  dynamo  arma- 
ture having  its  coils  woimd  upon  a  spherical 
core,  and  designed  to  revolve  in  a  circular 
chamber  between  the  pole  pieces. 

Spherical  Bon^e  Decimale. — ^A  unit  of 
light  flux  equivalent  to  the  light  of  a 
bougie  decimale^  emitted  by  a  luminous 
source  in  all  directions. 

Spherical  Candle  Power. — ^The  candle 
power  of  a  light  source  measiu^  in  every 
direction,  as  if  illuminating  the  inner  sur- 
face of  a  sphere  surroimding  the  lamp. 

Spherical    Redaction    Factor. — The 

spherical  reduction  factor  of  a  lamp  equals 
tne  mean  spherical  candle  power  divided 
by  the  mean  horizontal  canole  power. 

Spherometer. — An  instrument  for  measur- 
ing the  curvature  of  a  spherical  surface. 

Sphv'g^oflrram. — A  tracing  made  by  the 
pulse  with  the  use  of  a  sphygmograph 
showing  the  characteristics  of  the  beating 
of  the  heart;  a  pulse  tracing. 


Sphyg^o^aph. — ^An  electrical  instrument 
for  graphically  recording  the  beating  of  the 
pulse  in  order  to  determine  the  condition 
of  the  heart.    Also  called  a  sphygmoscope, 

S|»hyg^ophone. — An  electrical  instrument 
including  a  microphone  for  examining  the 
condition  of  the  pulse. 

Spider. — An  arrangement  consisting  of 
three  or  four  radially  projecting  arms  by 
means  of  which  the  core  of  a  dynamo  or 
motor  armature  is  sometimes  mounted 
upon  its  shaft. 
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Spicier  Arm* — One  of  the  radial  arms 
sometimes  used  for  fastening  a  dynamo  or 
motor  armature  to  its  shaft. 

Spike. — A  very  larse  nail: 

12d  spikes  are  3|  inches  long,  45  to  the  pound. 
16d  spikes  are  3t  inches  long,  28  to  the  pound. 
20d  spikes  are  4  inches  k>ng,  20  to  the  pound. 
30d  spikes  are  4|  inches  long,  16  to  the  pound. 
Railway  spikes  are  laiger  and  of  various  pat- 
terns. 

Spinning  MetaL — ^The  process  of  forming 
circular  articles,  many  of  which  are  used 
for  electrical  purposes,  from  soft  ductile 
sheet  metal  bv  pressure  on  the  drcimi- 
ference  while  they  are  revolving  in  a  lathe. 
A  wooden  chuck  or  mould  of  the  interior 
surface  is  attached  to  the  fast  headstock,  while 
the  sheet  of  metal  is  pinched  between  the  chuck 
and  the  loose  headstock.  As  mould  and  metal 
revolve*  pressure  is  applied  to  the  latter,  bv 
means  oi  various  toob  and  burnishers,  which 
cause  the  metal  to  conform  to  the  shape  of  the 
mould.  The  lutter  is  often  made  up  of  concen- 
tric pieces  fitting  into  one  another,  which  may  be 
drawn  out  one  by  one,  as  required  by  the  progress 
of  the  manufacture. 

S  Pipe. — In  pipe  fittings,  a  pipe  whose  out- 
line is  roughly  that  of  the  letter  S,  used 
for  connecting  parallel  lengths  of  straight 
piping.    Also  called  offset  elbow. 

Spiral. — In  electric  practice,  a  conducting 
coil  of  wire.  Strictly  speaking  a  spiral  is 
coiled  in  one  plane  like  a  watch  spring,  but 
the  word  is  often  used  to  apply  to  a  helix 
which  is  a  coil  elon^ted  as  if  wound  along 
the  surface  of  a  cyhnder  or  cone. 

Spiral  Storage  Cell. — An  early  type  of 
accumulator  consisting  of  two  lead  sheets 
roll^  up  together  without  contact,  im- 
mersed m  a  dilute  solution  of  sulphuric 
acid. 

Spiral  Windinff. — A  method  of  winding 
resembling  a  sofenoid  employed  on  a  ring 
armature. 

Spirit  Compass. — A  very  sensitive  form 
of  mariner's  compass  in  which  the  bowl  is 
filled  with  alcohol  upon  which  the  compass 
card  floats,  thereby  greatly  lessening  the 
friction  and  vibration. 

Spirit  Level. — One  in  which  the  adjust- 
ment to  the  horizon  depends  on  the  posi- 
tion of  a  bubble,  or  small  vacant  space,  in 
the  upper  side  of  a  glass  tube,  which  is 
slightly  curved  and  nearly  filled  with  al- 
cohol or  ether. 

Spirits  ot  Salt. — A  commercial  name  for 
hydrochloric  or  muriatic  acid. 


Splash  Lnbrication. — ^A  system  of  lubri- 
cation, especially  employed  m  single  acting 
engines^  the  moving  portions  being  en- 
clc^ed  m  a  tight  casing  filled  with  oil  to 
the  level  of  the  shaft.  The  cranks  dip  into 
the  oil  at  each  revolution  and  splash  the 
lubricant  over  the  moving  parts  and  also  the  cyl- 
inder walls,  where  no  cover  and  stuffing  box  is 
fitted.  ^  Openings  are  made  in  the  middle  of  the 
crankpin  and  crosshead  brasses,  so  that  the  oil  has 
free  access  to  them;  this  system  is  sometimes  used 
for  engine  lubrication  on  direct  connected  general' 
ing  eets. 

Splayed  Joint.— -A  method  of  jointing  a 
covered  stranded  cable,  in  which  the  cover- 
ing is  removed  a  short  distance  from  each 
end,  the  separate  wires  opened  out,  the 
two  sets  brought  end  to  end  and  laced  to- 
gether, and  the  whole  secured  with  solder. 

Splice. — 1.  To  unite,  as  two  ropes  or  parts 
of  a  rope,  or  as  one  to  another,  by  a  particu- 
lar manner  of  interweaving  the  strands; 
the  union  being  either  between  two  ends, 
or  between  an  end  and  the  body  of  a  rope; 
to  unite  by  lapping  two  ends  together  and 
binding,  or  in  any  way  making  fast. 

2.  To  connect;  as,  pieces  of  wood  or  metal, 
such  as  beams  or  railway  bars,  by  means  of  over- 
lapping parts  bolted  toij^ether,  or  so  shaped  as  to 
hold  themselves  in  continuity;  to  scarf. 

Splice  Bar. — ^A  name  sometimes  given  to  a 
fish  plate  for  joining  the  ends  of  two  rails, 
as  in  electric  railways. 

Splice  Box. — In  a  system  of  imderground 
wiring,  a  box  containing  the  cable  splices 
so  situated  as  to  be  readily  accessible  for 
repairs  or  further  connections. 

Splicing^. — Joining  two  lengths  of  cable  bv 
cutting  away  the  lead  sheath  at  each  end, 
laying  bare  the  separate  v  ires,  twisting  to- 
gether and  soldering  the  corresponding 
pairs,  renewing  the  insulation  throughout 
and  covering  the  whole  with  a  lead  sleeve. 

Splicing  Ear. — A  trolley  ear  designed  to 
join  two  lengths  of  a  trofley  wire. 

Splicing  Mallet.- —A  mallet  for  laying  on 
the  serving  to  protect  the  splice  of  a  cable; 
a  serving  mallet. 

Splicing  Sleeve. — A  lead  sleeve  drawn 
over  a  cable  spUce  and  wiped  to  the  sheath 
at  each  end,  completing  the  splice. 

Splicing  Tube. — A  tube  of  conducting 
material  used  to  complete  a  joint  in  an 
electric  conductor. 


Splicing  Wrench, 


416 


Spray  Arrester, 


Splicing  Wreneli. — A  tool  employed  in 
finishing  a  cable  splice,  to  force  the  wires 
of  the  sheath  into  their  proper  twist. 

Split  Battery. — ^A  series  connected  battery 
with  its  central  portion  grounded. 

Split  Carrent. — A  current  flowing  in  a 
divided  circuit. 

Split  Dynamometer. — A  dynamometer 
used  in  testing  transformers,  and  provided 
with  two  coils,  one  carrj'ing  the  primary 
and  the  other  the  secondary  current,  so  that 
its  readings  are  proportional  to  the  mean 
value  of  the  product  of  the  currents. 

Split  Lead  Tee. — A  lead  sleeve  resembling 
the  letter  T.  and  split  throughout  its  length 
so  that  it  may  be  readily  applied  to  a  cable 
at  a  point  where  a  branch  is  joined  to  it. 

Split  Phase. —A  single  phase  alternating 
current  divided  into  polyphase  currents  by 
a  phase  splitting  device. 

Split  Phase  Motor. — ^A  single  phase  in- 
duction motor  provided  with  a  phase  split- 
ting device  for  starting  it. 

Split  Plaff. — A  form  of  contact  plug  pro- 
vided with  two  insulated  contact  sleeves. 

Split-pole  Converter. — A  rotary  con- 
verter designed  to  permit  varying  at  will 
the  ratio  oi  the  d.  c.  voltage  to  the  a.  c. 
voltage  by  the  variation  of  field  excitation 
only.  The  change  of  flux  is  accomplished 
by  splitting  each  pole  into  sections  along 
axial  planes.  The  sections  are  subjected 
to  dinerent  magnetomotive  forces  which 
may  be  varied,  by  hand  or  automatically, 
during  operation. 

Split  Pulley. — A  belt  pulley,  made  in  two 
halves  joined  to  each  other  by  bolts,  for 
convenience  in  fixing  on  shafting  already 
in  position. 

Split  Ring  Mafl^et. — A  ring  shaped  mag- 
net co:e  with  an  opening  or  split  through- 
out its  length. 

Split  Secondary. — A  secondary  of  an 
induction  coil  made  up  of  two  sections. 

Spluttering  Are. — ^A  voltaic  arc  produc- 
ing a  spluttering  noise  because  of  defective 
carbons. 


Spoil  Bank. — In  civil  engineering,  a  bank 
formed  by  the  earth  taken  from  an  exca- 
vation, as  from  a  trench. 

Sponge  Electrode. — In  electro-therapeu- 
tics, a  form  of  electrode  for  applying 
electricity  to  the  body  through  a  sponge. 

Spongy  Lead. — ^The  active  material  em- 

Eloyed  for  the  negative  plate  of  a  storage 
attery.  It  gives  the  plate  a  ^yish  color 
which  makes  it  easy  to  distinguish  from  the 
reddish  brown  positive  plate.  It  is  pure 
lead  which  has  oeen  reduced  to  a  spongy 
state  by  the  passage  of  the  charging  current. 

Spongy. — 1.  Having  a  cellular  structure, 
simikr  to  sponge. 

2.  In  metallurgy,  a  defective  or  honey- 
comb like  state  of  cast  metals,  due  to  gases 
which  cause  blow  holes,  or  cavities  in  the 
metal. 

Spontaneous  Combustion. — A  term 
which  is  applied  when  anything  catches 
fire  without  the  application  of  an  exter- 
nal agent.  When  any  mass  of  matter  is 
slowly  oxidizing  and  the  heat  generated  is 
unable  to  escape,  the  temperature  rises. 
The  rate  of  oxidization  proceeds  with  greater 
rapidity  until  the  mass  bursts  into  flame:  oily 
waste  and  slack  coal  containing  sulphur  are  veiy 
liable  to  spontaneous  combustion. 

Spontaneous  Eleetricitjr* — A  term 
sometimes  applied  to  the  electricity  derived 
from  the  melting  of  sulphur. 

Spoon  ShoveL — A  long  handled  shovel 
shaped  like  a  round  blunt  spoon,  useful  in 
digging  holes  for  the  erection  of  poles  for 
overhead  wires;  a  Spanish  spoon. 

Spot. — In  a  mirror  galvanometer,  a  spot  of 
light  reflected  by  the  mirror  upon  the  scale. 

Spotted  Filament. — An  incandescent  lamp 
filament  which,  owing  to  defective  con- 
struction, shows  spots  of  unequal  light. 

Sprague*  Frank  Julian. — Bom  1857. 
An  American  electrical  engineer,  inventor 
of  the  constant  speed  electric  motor  (1884), 
the  multiple  unit  system  of  electrical  train 
operation  (1887);  pioneer  of  the  modam 
trolley  road,  the  first  of  which  he  installed 
in  Richmond,  Va.  (1887-8);  and  designer  of 
high  speed  electric  elevators. 
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the  top  of  a  storage  cell,  and  running  back 
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into  the  solution  to  prevent  the  spray  of 
acid  vapor,  caused  by  the  bursting  of  bub- 
bles on  the  surface  of  the  solution,  from 
pervading  the  air  of  the  room,  when  the 
solution,  having  reached  a  fuUy  charged 
condition,  begins  to  "  boU.  ** 

Sprwby  Pipe. — ^The  perforated  pipe  admit- 
ting the  cooling  water  within  a  jet  con- 
denser; sometimes  termed  the  rose. 

Spread  of  WindinM.— The  pitch  or  spac- 
ing of  armature  couis.  It  may  be  denned 
as  the  number  of  elements  of  the  winding 
which  must  be  passed  through  in  forming 
a  loop. 

Spreng^l  Pomp* — A  device  for  attaining 
a  very  high  vacuum,  such  as  is  necessary 
in  the  manufacture  of  incandescent  electric 
lamps.  Mercury  is  fed  into  a  funnel  at 
one  extremity  of  a  long  U  tube,  this  tube 
having  a  return  bend  with  a  longer  drop 
leg  on  its  other  end;  a  nossle  situated  within  an 
annular  enlargement,  at  the  top  of  the  drop  leg. 
breaks  the  flow  of  the  mercury  into  a  series  of 
slugs  w;th  air  between  them.  Each  slug,  falling 
down  the  drop  leg,  acts  as  a  sort  of  piston,  suck- 
ing the  air  behind  it,  and,  as  a  connection  on  the 
return  bend  communicates  with  the  vessel  to  be 
exhausted,  the  latter  is  speedily  emptied  of  air. 
The  U  tubes  being  over  barometric  height,  air 
cannot  pass  up  them  even  should  the  pump  stop. 
Escaping  mercury  from  the  drop  1^  or  **fall 
tube    collects  in  a  vessel  which  surrounds  its  base. 

Spring  Ammeter. — ^An  ammeter  in  which 
the  current  to  be  measured  moves  the 
needle  against  the  action  of  a  spring. 

Spriii|f  Clips. — ^Metal  Jaws  provided  with 
a  spnng  so  as  to  make  nrm  contact  with  the 
blades  of  a  knife  switch  when  closed. 

Spriii|f  Contact. — ^An  electrical  contact 
that  is  actuated  by  a  spring. 

Spring  Dynamoineter.— A  form  of  dyna- 
mometer employing  an  ordinary  spring 
balance  to  measure  the  strength  of  a  force. 

Spring  Jack. — A  device,  employed  especi- 
ally m  telephone  switchboards,  by  means  of 
wmch,  when  a  plug  is  introduced  into  a 
socket,  suitable  contact  springs  engage  the 
phig  contacts  and  complete  the  connection 
jwith  the  circuit. 

Spring  Jack  Cnt  Out. — ^A  cut  out  con- 
structed like  a  spring  jack,  so  that  a  circuit 
may  be  closed  by  the  insertion  of  an  in- 
sulating plug  or  wedge  between  the  spring 
contacts  of  the  jack. 


Spring  Jack  Switchboard. — ^A  tele- 
phone switchboard  provided  with  spring 
jacks  for  every  subscriber's  line,  with 
which  connections  are  made  by  the  in- 
sertion of  calling  plugs. 

Spring  Manometer. — ^A  manometer  for 
measuring  the  pressure  of  gases  by  the 
movement  of  an  index  against  the  action 
of  a  spring. 

Spring  Motor  Suspension. — ^A  method 
of  suspending  a  street  railway  motor  by 
springs  carried  on  the  truck. 

Spring  Relay  Contact. — A  relay  contact 
which  is  broken  by  the  release  of  a  spring  as 
soon  as  the  current  is  cut  off. 

Spring  Voltmeter. — ^A  voltmeter  which 
measures  electric  pressure  by  the  turning 
of  an  index  against  the  action  of  a  spring. 

Sprocket. — In  chain  or  link  belting,  a 
wheel  with  teeth  around  its  circiunfer- 
ence,  shaped  so  that  they  may  fit  into  the 
links  of  a  chain  which  the  sprocket  drives, 
or  by  which  it  is  rotated. 

Sprocket  Chain. — A  chain  for  transmis- 
sion of  power,  whose  links  have  openings 
to  receive  the  teeth  of  a  sprocket  wheel. 

Spurious  Resistance. — ^The  resistance  in 
an  electric  circuit  due  to  the  pressing  of  a 
counter  electromotive  force,  as  distin- 
guished from  the  true  or  ohmic  resistance 
of  the  circuit. 

Square  Mil. — A  unit  of  area  equal  to 
.000001  of  a  square  inch,  used  especiaUy 
in  the  measurement  of  the  cross  section  of 
wires. 

Square  Wire. — A  wire  having  a  square 
cross  section,  sometimes  used  m  winding 
armatures. 

Squeeze. — ^In  electroplating,  an  impression 
or  mould  made  in  wax  or  paper  pulp  by 
pressing  it  hard  against  the  type  when  set 
up  ready  for  printing. 

Squirrel  Cage  Winding.— -A  form  of 
armature  winding  much  used  in  rotors  of 
induction  motors.  The  conductors  consist 
of  copper  bars  lying  in  longitudinal  slots 
near  the  surface  of  the  core,  the  bars  being 
connected  to  a  short  circuiting  ring  of  cop- 
per at  each  end.  The  name  for  this  form  of  wind- 
\ng^  is  suggested  by  the  resemblance  of  the 
finished  armature  to  the  wheel  of  a  squirrel  cage. 
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Squirted  Filament. — An  incandescent 
uimp  filament  composed  of  a  thread  formed 
by  squirting  a  solution  of  cellulose  through 
a  small  nozzle  and  hardening  it  in  water. 

8.  R.  G« — ^Abbreviation  for  standard  rail- 
road gauge,  viz.:  4  feet,  8}  inches. 

Stable  Galvanisation. — In  electro-thera- 
peutics, the  process  of  applying  the  electric 
current  to  the  body  of  a  patient  by  means 
of  two  fixed  electrodes;  as  distinguished 
from  labile  galvanization  in  which  one  of 
the  electrodes  is  moved  about. 

Stable  EqiiilibriaBi.^The  state  of  a  body 
when  its  position  is  such  that  it  is  necessary 
to  do  work  upon  it  in  order  to  displace  it. 

Sta^  Regpilator. — ^A  form  of  switch  for 
controlling  the  incandescent  foot  lights 
upon  the  stage  of  a  theatre. 

Sta^l^red  Armatnre. — ^A  term  some- 
times applied  to  an  armature  whose  wind- 
ings arc  laid  on  diagonally. 

&ta,^gg^riag. — ^An  arrangement  of  commu- 
tator brumes  such  that  one  brush  rests 
upon  the  commutator  surface  slightly  in 
advance  of  the  other,  so  as  to  bridge  over 
a  break  in  the  circuit  of  the  armature  wires. 

Staining. — 1.  In  building,  a  temporary 
support  of  posts  and  boards,  or  a  platform 
slimg  up  with  ropes,  etc.  It  is  less  strong 
than  a  scaffolding. 

2.  In  civil  engmeering,  a  stout  and  sub- 
stantial arrangement  of  platforms,  decking, 
etc,  supported  by  heavy  tunbers  or  balks.  The 
parts  are  usually  connected  by  doo»,  to  save  spoil- 
ing the  timber  by  bolt  holes,  which  would  render 
it  unsalable  upon  dismantling. 

Staking  Out. — ^The  operation  of  setting 
out  boundaries,  lines,  etc.,  by  means  of 
stakes  driven  in  the  groimd,  generally  with 
cords  stretched  from  one  stake  to  another; 
the  process  of  marking  out  the  lines  for  the 
foundations  of  a  structure,  by  means  of 
cords  stretched  over  stakes  or  batten  boanls 
which  are  carefully  placed  at  each  angle 
of  the  proposed  excavation. 

Stalk:  of  Insnlator. — ^The  pin  upon  which 
a  line  wire  insulator  is  screwed. 

Standard. — A  support  erected  upon  the 
roof  of  a  building  for  carrying  telegraph 
or  other  wires. 

Standard  Candle. — ^A  sperm  candle  {  in. 
in  diameter  and  made  to  bum  120  grains  per 


hour,  adopted  as  a  standard  souroe  of 
light,  from  which  the  British  unit  of  illu- 
mination, the  candle  power,  is  derived. 

Standard  Cell. — A  special  form  of  pri- 
mary cell  used  to  establish  the  normal 
value  of  the  volt.  The  Clark  cell  was  for  a 
long  time  universally  used  as  the  standard 
with  an  £.  M.  F.  of  1.434  volt  at  15  degrees 
C.  An  improvement  known  as  the  Carnart- 
Clark  cell  had  an  £.  H.  F.  of  1.44  volL  The  cell 
now  recognised  as  the  standard  is  the  Wetton  cad- 
mium ce/r containing  electrodes  of  cadmium  amal- 
gam covered  with  a  layer  of  cadmium  sulphate 
crystals,  and  pure  mercury  in  contact  with  a  paste 
of  mercurous  sulphate,  cadmium  sulphate  crystals 
and  metallic  mercury;  the  electrolyte  being  con- 
centrated solution  of  cadmium  sulphate  and 
mercurous  sulphate.  The  Weston  cell  has  an 
£.  M.  F.  of  1.0180  volt  between  b"*  and  26''  C. 
Its  chief  advantages  over  the  Clark  cell  are  its 
much  lower  temperature  coefficient  and  longer  life. 

Standard  Clock. — An  accurately  regu- 
lated clock  by  which  other  time  pieces  may 
be  set. 

Standard  ColL — A  standard  rtaisUmce 
coU, 

Standard  Compass* — A  mariner's  com- 
pass adopted  as  a  standard  for  the  com- 
parison of  other  compasses. 

Standard  Copper. — ^Matthiessen's  stand- 
ard of  conductivity  is  the  conmiercial 
standard.  It  is  a  copper  wire  with  the  fol- 
lowing properties  at  a  temperature  of  0° 
C;  specific  gravity  8.89;  length  1  meter; 
weight  1  gram;  resistance  .141729  ohms; 
specific  resistance  1.594  microhms  per  cu. 
cm.;  relative  conductivity  100%. 

Standard  Cross  Arms. — Cross  arms  for 
tele^ph  poles  made  in  all  particulars  ac- 
cording to  specifications. 

Standard  Feeder. — A  feeder  having 
standard  voltage,  t.  e,,  whose  pressure  is 
from  110  to  220  volts. 

Standard  Dlnmlnatfag  Power. — ^Any 
light  source  adopted  as  a  standard  for 
photometrical  measurements,  such  as  the 
carcel,  vioUe,  British  candle,  bougie  deci- 
male,  carcel  lamp,  pentane  standard,  etc. 

Standard  Instrument. — ^In  electrical 
measurement,  a  good  ammeter  or  volt^ 
meter  employed   as  a   standard  for  the 

?urpose  of  calibrating  other  instruments, 
hey  are  themselves  checked  at  intervals 
by  primary  standards  known  as  standard 
cells,  representing  the  nonnal  value  of  a 
volt. 
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SiandardiuktioB. — ^The  act  of  selecting 
the  moet  suitable  dimensions  or  propor- 
tions for  structural  or  mechanical  parts, 
thus  obtaining  uniformity  of  practice. 

Standardised  Cell. — ^A  voltaic  cell  gene- 
rating a  known  electromotive  force  of 
constant  value  which  has  been  determined 
by  comparison  with  a  standard  cell. 

Standardised  Resistance  CoiL — ^A  re- 
sistance coil  having  a  known  resistance  that 
has  been  compared  with  a  standard  and 
verified. 

Standard  Mef^hm* — The  megohm  em- 
ployed as  a  standard  in  measuring  electrical 
resistance. 

Standard  Ohm* — A  standard  of  resistance 
equal  to  that  offered  by  a  colunm  of  pure 
merciuy  106.3  centimeters  in  length,  of 
uniform  cross  section,  and  weighing  14.4521 
grams  at  a  temperature  of  (f  C. 

Standard  Ooadrant. — ^The  length  of  a 
Quadrant  of  the  earth's  meridian  taken 
through  Paris,  being  10*  centimeters  long. 

Standard  Resistance. — ^A  resistance,  as 
that  of  the  standard  ohm,  adopted  as  a 
standard  for  electrical  measurement. 

Standard  Resistance  CoiL — ^A  coil  hav- 
ing a  known  resistance  employed  for  com- 
parison in  testing  other  resistances. 

Standard  Telephone  Switchboard. — 

A  multiple  telephone  switchboard  erected 
in  keeping  ^ith  all  standard  requirements 
for  the  b^  practice. 

Standard  Time. — ^A  imiform  standard  of 
time  adopted  in  the  United  States,  in  1883, 
especiaUy  for  the  use  of  railroad  and  tele- 
graph systems.  This  standard  divides  the 
coxmtT^  into  four  time  sections,  each  15^ 
of  longitude  in  width  and  differing  in  time 
exactly  one  hour  from  the  next  adjacent  section: 
the  time  within  the  section  governed  by  the  76tii 
meridian  is  known  as  eattem  time,  that  by  the 
90th  meridian  as  eentraL  time,  that  by  the  106th 
meridian  as  ntountain  tame,  and  that  by  the  120th 
meridian  as  Pacific  time. 

Standard  Wire  GanM. — ^A  wire  gauge 
adopted  as  a  standard  Tor  electrical  meas- 
urements, such  as  the  American  wire  gauge 
for  copper  wire  and  the  Birmingham  wire 
gauge  for  iron  wire. 


Star  Connection. — A  method  of  connect- 
ing the  three  windings  of  the  armature  of 
a  three  phase  alternator,  in  which  one  end 
of  each  coil  is  joined  at  a  common  center 
while  the  other  ends  radiate  from  this 
center  and  are  carried  to  three  collector 
rings.  This  arrangement  suggests  the 
shape  of  a  star  or  the  letter  Y,  jEence  it  is 
also  known  as  the  Y  connection. 

Star  Current  in  Polyphase  Circuits. — 

The  current  in  any  conductor  of  a  poly- 
phase circuit  employing  star  connection. 

Star  PotentiaL — In  a  star  connected 
polyphase  system,  the  potential  difference 
between  any  line  and  the  common,  or 
neutral  point. 

Star  Three  Phaser. — ^An  alternator  gene- 
rating three  phase  currents  whose  circuits 
are  joined  by  the  star  connection. 

Startini^  Box. — ^A  rheostat,  contained  in  a 
case,  provided  with  contact  points  and  a 
switch  arm  for  delivering  current  to  a  motor 
gradually,  upon  starting,  by  cutting  out 
one  resistance  after  another  until  the  motor 
attains  full  speed;  a  starting  rheostat  or  coil. 

Startinif  Compensator. — A  device  con- 
sisting of  two  or  three  auto-transformers, 
with  switches,  for  supplying  an  induction 
motor  with  low  voltage  currents  at  start- 
ing, and  then,  as  the  motor  gains  in  speed, 
increasing  the  voltage  by  steps  to  that  of 
the  line;  an  auto  starter. 

Starting  Current. — The  current  passed 
through  the  armarture  and  field  magnets  of 
a  motor  at  the  moment  of  starting  in  order 
to  produce  the  required  starting  torque. 

Starting^  Motor. — A  small  motor  some- 
times used  to  bring  the  speed  of  rotation  of 
a  single  phase  motor  up  to  the  point  of 
synchronism  with  the  dnving  drcmt  before 
connecting  it  up. 

Starting  Rheostat. — ^A  series  of  resist- 
ance coils  suitably  arranged  so  that  they 
may  be  cut  out  of  the  circuit  of  a  motor 
when  starting;  a  starting  box  or  starting 
resistance. 

Starting^  Torque. — 1.  The  torque  exerted 
by  the  starting  current  of  a  motor  to  over- 
come the  static  friction  of  the  motor  at  rest. 
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2.  A  tiiming  moment  possessed  by  poly- 
phase inductioii  motors  at  starting  due  to 
the  reaction  on  the  primary  of  the  exces- 
sive secondary  current. 

Startini^  Valve. — A  valvei  together  with 
piping  arrangements,  whereby  live  steam 
IS  mtroduced  above  or  below  the  low  pres- 
sure or  intermediate  piston  of  a  steam  en- 
gine, in  order  to  move  the  engine  should  it 
be  stopped  in  a  position  where  steam  can- 
not enter  the  hisb  pressure  cylinder;  also  known 
as  impulse  value.  Another  arrangement,  known 
as  a  by-poMt  admits  live  steam  to  tne  intennediate 
or  L.  F.  steam  chests,  fulfilling  the  same  pur- 
pose; these  devices  are  usually  fitted  to  all  multi- 
ple expansion  engines. 

Static  Balanee.-;-In  duplex  telegraphy, 
a  static  capacity  imparted  to  the  artificial 
line  to  balance  that  of  the  main  line. 

Statie  Breese. — A  current  of  air  produced 
by  the  convective  discharge  of  electricity 
from  the  tip  of  a  pointed  conductor. 

Static  Compensator. — In  duplex  teleg- 
raphy, a  condenser  employed  to  give  to 
the  artificial  line  a  static  capacity  to 
balance  that  of  the  main  line. 

Statie  Discharge. — AdisrupHvediachBTge, 
A  discharge  of  static  electricity  across  a 
dielectric  which  takes  place  when  the 
dielectric  gives  way  under  the  mechanical 
stress  of  the  electric  lines  of  force.  A 
static  discharge  takes  the  form  of  a  ^>ark 
bursting  across  the  non-conducting  me- 
dium. 

Static  Electricity.-^A  term  sometimes 
applied  to  the  electricity  induced  and  re- 
tained in  the  plates  of  a  condenser  or  that 
which  is  said  to  reside  as  a  charge  upon  the 
surface  of  a  body,  as  distinguished  from 
dynamic  or  current  electricity. 

Static  Energfy. — Potential  energy.  The 
energy  possessed  by  a  body  in  virtue  of  its 
position,  chemical  properties  or  other  con- 
ditions other  than  motion,  as  distinguished 
from  kinetic  energy. 

Static  Head. — In  hydraulics,  the  height, 
from  a  given  point,  of  a  column,  or  body 
of  water  at  rest,  considered  as  causing  or 
measuring  pressure. 

Static  Inductioii. — ^A  term  sometimes  ap- 
plied to  the  electric  influence  exerted  by  an 
electrified  body  upon  a  not  electrified  body. 


A  charged  bodv  placed  near  an  insulated 
conducting  bocly  will  induce  electrification 
in  the  conductor  across  the  intervenlDg 
space.  It  is  on  this  principle  that  influence  ma- 
cnines  for  generating  static  electricity  opeiate. 
B^^ning  with  a  small  initial  charge  acting  by 
inmience,  other  charges  are  induced  which  are 
collected  in  the  parts  of  the  machine. 

Static  Magnetic  Induction. — ^Magnetic 
induction  produced  in  a  stationary  body 
by  the  action  of  a  stationary  magnetic 
field. 

Statics. — That  branch  of  d3niamics  which 
treats  of  the  equilibrium  of  forces  as  op- 
poaed  to  kinetics.  The  forces  acting  upon 
a  body  are  in  equilibrium  when  they  bal- 
ance one  another  so  that  no  motion  is  pro- 
duced. 

Static  Shock. — In  electro-therapeutics,  a 
method  of  applying  static  discharges  from 
Leyden  jars  to  a  patient  seated  upon  an  in- 
sulated stool. 

Static  Transformer. — ^A  term  applied  to 
an  ordinary  transformer  for  cnanging 
voltages,  as  distinguished  from  a  rotary 
transformer  for  changing  alternating  into 
direct  currents  or  the  reverse. 

Static  Voltmeter. — ^Usually  called  electro^ 
static  voltmeter,  an  instrument  for  measur- 
ing electromotive  force,  indicating  the 
potential  by  a  pointer  moving  over  a  scale 
reading  in  volts.  A  high  voltage  type  is 
provided  with  an  aiimainum  needle  resting 
vertically  on  knife  edges  between  two  pairs  <» 
electricallv  connected  quadrants.  A  multicellular 
type  for  lower  voltages  consists  of  a  number  of 
tnin  plates  mounted  norisontally  between  oorre- 
sponaing  quadrants,  the  several  plates  serving  to 
overcome  the  friction  of  the  instrument  by  multi- 
plying the  force  of  deflection. 

Stationary  Motor. — An  electric  motor 
that  has  a  fixed  location,  as  distinguished 
from  a  traveling  motor. 

Stationary  Tachometer. — A  tachometer 
employed  upon  a  machine  which  has  a 
fixed  location,  to  indicate  the  rotating 
speed  of  a  shaft. 

Stationary  Transformers. — A  term 
sometimes  appUed  to  a  transformer  to 
distinguish  it  from  a  so  called  rotary  trans- 
former. 

Station*  Electric. — ^The  central  plant  for 
generating  power  for  an  electric  system;  a 
power  house. 
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Station  Indicator. — ^A  voltmeter,  or  other 
indicating  instnunent,  located  at  a  central 
station. 

Station  Load. — ^The  total  electric  pressure 
maintained  at  a  central  station. 

Station  Load  Cnrve. — The  character- 
istic curve  tracing  the  variations  of  the 
station  load  during  the  course  of  the  day. 

Station  Panel. — A  panel  of  slate  or  marble 
upon  which  the  swit<;h  gears  of  a  central 
station  are  mounted. 


Station    Receivinaf    Wattmeter.  —  A 

wattmeter  employedat  a  central  station  for 
measuring  and  registering  the  power  fur- 
nished by  the  plant. 

Station  Switch  Gear. — In  a  central  sta- 
tion, a  compact  group  of  switches,  cir- 
cuit breakers  and  measuring  instruments 
through  which  the  entire  output  of  the 
station  passes  into  the  distribution  system. 

Stator. — 1.  In  a  dynamo  or  motor,  the 
part  which  is  fixed,  as  distinguished  from 
the  part  which  rotates. 

2.  In  an  induction  motor,  the  fixed  part, 
which  is  usually  the  field,  as  distinguished 
from  the  rotor,  or  rotating  part. 

Stator  Armature.  —  In  an  ^  induction 
motor,  an  armature  which,  instead  of 
rotating,  is  fixed,  while  the  field  revolves 
around  it. 

Stator  Coils* — ^The  windings  upon  the 
stationary  field  of  an  induction  motor,  or, 
sometimes,  the  armature  coils  when  the 
armature  is  fixed. 

Stator  Field. — ^The  stationary  field  of  a 
dynamo  or  motor. 

Statute  Mile. — ^The  standard  mile,  equal 
to  5280  feet,  legally  established  by  statute 
in  the  United  States  and  Great  Britain,  as 
distinguished  from  the  rutiUical  and  other 
miles. 

Stanroseope. — ^An  optical  instrument  used 
to  examine  the  position  of  the  planes  of 
light  vibration  of  polarized  light  in  crystals. 

Sta^. — In  pole  line  construction,  any  con- 
tnvance  tor  stiffening  a  pole  against  a 
transverse  stress.    A  simple  stay,  or  guy, 


consists  in  carrying  a  strand  of  wire  from 
the  pole  to  some  nearby  tree^  or  to  an  eye- 
bolt  set  in  a  rock,  to  a  log  buried  in  the 
earth,  or  a  short  pole  driven  into  the  ground  at  an 
angle.  An  effective  method  is  the  use  of  a  puy 
anchor  which  may  be  screwed  into  the  gn>una  to 
the  required  depui. 

Sta^  Eye  Clip. — An  iron  band,  furnished 
with  a  ring,  secured  to  a  rigid  support  for 
the  purpose  of  attaching  a  stay  rod. 

Steady  Current. — An  electric  current 
flowing  with  unvarying  strength. 

Steam* — ^The  vapor  of  water;  the  hot  in- 
visible vapor  given  off  by  water  at  its  boil- 
ing point,  this  latter  depending  upon  the 
pressure.  The  visible  wnite  vapor  termed 
steam,  is  really  a  coUection  of  fine  watery 

particles,  formed  by  condensation  of  true 
steam.  When  water  is  evsporated  within  a 
closed  space,  the  process  will  continue  up  to  a 
certain  point,  when^  the  steam  is  said  to  be 
saiitraled,  this  signifying  that  no  more  steam  can 
be  made,  unless  the  temperature  be  raised  or  the 
pressure  lowered,  by  pemutting  some  of  the  steam 
to  escape. 

The  distinguishing  properties  of  steam  are: 
(1)  Its  fluidity,  (2)  its  mobility,  (3)  its  elas- 
ticity, and  (4)  its  equality  of  pressure  in  evexy 
direction:  that  is,  steam  has  a  now  like  water,  it 
has  a  circulation  within  its  own  body,  it  is  cap- 
able of  compression  and  expansion,  and  when  it  is 
confined  it  presses  equally  upon  all  parts  of  the 
restraining  vessel.  £ach  molecule  of  steam  is 
composed  of  two  gases  which  have  neither  taste 
nor  color.  The  difference  in  volume  between 
water  and  steam  at  atmospheric  pressure  is  as 
1646  to  1 ;  that  is,  a  g^ven  quantify  of  water  ex- 
panded into  steam  will  occupy  lo46  times  the 
space  it  did  before.  This  is  nearly  one  cubic  foot 
and  one  cubic  foot  of  steam  at  atmospheric  pres- 
sure weighs  .038  lbs. 

Steam  is  said  to  be:  (1)  tatitrated  when  its 
temperature  corresponds  to  its  pressure,  (2)  super- 
heated  when  its  temperature  is  above  that  due  to 
its  pressure,  (3)  gaseoua  tteam  or  steam  gaa  when 
it  is  highly  superheated^  (4)  drp  when  it  contains 
no  moisture.  It  may  be  either  saturated  or 
superheated,  (5)  wet  when  it  contains  inter- 
mingled mist  or  spray,  its  temperature  corres- 
ponding to  its  pressure. 

Steam  Dynamo. — A  dynamo  operated  by 
a  steam  engine  to  which  it  is  directly  con- 
nected. 

Steam  Ezpaneion. — Steam  admitted  to  a 
cvlinder  during  a  portion  of  the  stroke, 
then  cut  ofif,  and  expanded  in  the  cylinder 
upon  the  piston,  for  the  remainder  of  the 

stroke. 

If  the  flow  of  steam  to  an  engine  be  out  off 
when  the  piston  has  made  half  its  stroke,  that 
is,  if  it  is  used  expansivebr,  it  has  been  ascer- 
tained that  the  efficiency  will  be  increased  one 
and  sixty-nine  himdredtns  times  beyond  what  it 
would  have  been  if  the  steam  at  half  stroke  had 
been  released  into  the  atmosphere,  and  so  on,  as 
expressed  in  the  following  (approximate): 


Steam  Go7}emor,  Electric, 


422 


Sted  Plating. 


TABLE. 


Gutting  off  at  ^ 

3.3  times. 
Cutting  off  at  | 

3    timen. 
Cutting  off  at  A 

2.6  times. 
Cutting  off  at  i 

2.386  times. 
Cutting  off  at  A 

2.2  time^. 
Cutting  off  at  f 

l.C»  times. 
Cutting  off  at  A 

l.Cu  times. 
Cutting  off  at  ^ 

1.^  times. 
Cutting  off  at  A 

1.5  times. 
Cutting  off  at  | 

1.47  times. 
Cutting  off  at  /^ 

1.35  times. 
Cutting  off  at  f 

1.28  times. 


the  stroke, 
the  stroke, 
the  stroke, 
the  stzx>ke, 
the  stroke, 
the  stroke, 
the  stroke, 
the  stroke, 
the  stroke, 
the  stroke, 
the  stroke, 
the  stroke. 


efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 
efficiency 


The  theoretical  values  given  in  the  above  table 
are  largely^  reduced  in  practice,  chiefly  by^  conden- 
sation which  increases  with  the  expansion  ratio. 
On  this  account  it  is  not  advisable  to  expand 
steam  more  than  four  or  five  times  in  one  cyhnder 
non-condensing,  nor  more  than  six  or  seven  times 
condensing.  Tests  have  shown  that  the  efficiency 
is  not  increased  by  exceeding  these  limits.  FoL* 
higher  expansions  additional  cylinders  are  used, 
thus  dividing  the  temperature  range  and  reducing 
the  total  condensation. 

Steam  Governor*  Electric. — ^An  elec- 
trical device  for  regulating  a  steam  engine 
so  that  it  shall  drive  a  dynamo  at  a  con- 
stant rate  of  rotation. 

SteaminflT  lAghtm. — ^The  lights  carried  on 
either  side  of  a  steamship. 

Steam  Loop. — An  arrangement  of  piping, 
resembling  a  double  ^^^hon,  by  which 
water  of  condensation  is  returned  to  a 
steam  boiler.  It  is  necessary  that  the 
■drop  leg,  or  return  pipe,  be  sufficiently  high 
for  the  weight  of  water  therein  to  over- 
come the  difference  between  the  boiler  pressure 
and  that  in  the  apparatus.  The  horitontal  pipe, 
corresponding  to  the  bend  of  the  ssrphon,  must 
also  slightly  condense  the  steam,  occasioning  a 
fall  in  temperature  at  the  head  of  the  loop.  This 
condensation  causes  a  slight  reduction  in  pressure 
which  draws  up  the  exhaust  steam  and  the  con- 
densed water  tToai  the  heating  system,  the  latter 
trp.veling  up  the  rise  pipe,  intermittently,  in  the 
form  of  eluga.  As  the  water  accumulates  in  the 
drop  leg,  its  weight  forces  it  past  the  check  valve 
into  the  boiler. 


Steam  Passagr^s. — ^The  steam  and  ex- 
haust ports  of  an  engine  cylinder  through 
which  the  steam  obtains  ingress  and  egress. 
They  should  bear  constant  proportion  to 
the  size  of  the  cylinder  and  tne  rate  of 
travel  of  the  piston,  together  with  ample 
allowance  for  loss  of  friction  due  to  bends  in  the 

gipes.  their  sise  being  such  that  there  should  not 
e  any  material  difference  in  the  pressure  of  steam 
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in  the  ovlinder  and  in  the  passages.  An  excess 
of  sise  should  always  be  given  them.  The  ports 
are  usually  proportioned  so  that  the  velocity  of 
steam  wiU  be  oOOO  ft  per  minute  through  the 
steam  ports  and  4000  ft.  per  minute  through  the 
exhaust  port^  the  calculationa  being  baaed  on 
steam  velocities  before  expanaicn. 

Steam  Turbine. — ^A  motor  in  which  rotary 
motion  is  obtained  by  the  action  of  steam 
impinging  upon  blades  or  vanes  set  upon 
the  circumference  of  a  drum  or  ring,  which 
works  within  a  suitable  casing.  Steam 
turbines  may  be  classified  as  reaction  or 
impulse. 


Steam  Turbine  Dynamo. — ^A  dynamo 
operated  at  a  high  rate  of  speed  by  a  steam 
turbine. 

Stearns*  Duplex  Teleg^apby. — ^A  sys- 
tem of  duplex  telegraphy  operated  by  alter- 
nately placing  the  line  to  ground  and  to  the 
battery,  so  that  there  results  an  "  increase 
and  decrease"  of  current  on  the  line. 

SteeL — ^A  compound  of  iron  containing  0.25 
to  3%  of  carbon,  usually  with  small  quanti- 
ties of  silicon  and  manganese.  The  carbon 
causes  it  to  harden  when  cooled  suddenly 
from  a  red  heat,  and  to  soften  again  when 
cooled  slowly.  Steel  classed  as  mild  or 
ingot  steeU  is  so  made  bv  a  fusion  prooeos*  which 
frees  it  from  interminglea  slag. 

Tlie  more  highly  carbonised  varieties,  such  as 
erudble  and  ^lear  aUel  are  used  for  tools,  weapons 
and  springs,  their  properties  of  hardening  and 
temperingbeing  invalusble.  Modem  research  has 
led  to  the  employment  of  less  highly  carbonised 
or  mild  steels  in  a  variety  of  forms,  either  as  cast- 
ings or  as  forgings  or  rolled  sections,  thus  dis- 
placing cast  and  wrought  iron.  Other  metab, 
such  as  chromium  and  nickel  are  mixed  with  steeU 
increasing  its  tenacity  and  toughness  to  a  remark- 
fkble  extent.  Beeeemer  ateel,  open  hearth  proeeM, 
mild  tie(df  niek^  ited,  etc.,  are  varieties. 

Steel  Alloy. — In  the  construction  of  elec- 
trical machinery,  an  alloy  of  steel  and 
nickel,  or  some  other  metal,  employed 
where  great  mechanical  strength  and  best 
ma^etic  qualities  are  demanded.  Such 
forgings  are  costly  and  hence  are  used 
only  when  absolutely  necessary. 

Steelinof. — ^The  electro-deposition  of  iron,  or 
steel  phting.  It  is  used  to  deposit  a  thin 
surface  of  iron  upon  a  copper  electrotype 
or  other  printing  plates  of  soft  metal  m 
order  to  harden  tnem,  so  that  repeated  im- 
pressions may  be  printed  without  wearing 
away  the  surface. 

Steel  Plating. — ^The  electroplating  of  soft 
metal  with  a  coating  of  iron  to  provide  a 
good    wearing    surface.    The    process    is 
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emplojred  to  ooat  printing  plates  eo  that  an 
indefinite  number  of  impressions  may  be 
taken  from  them  without  showing  wear; 
also  called  steeling. 

Steel  Wire. — In  electric  tiansmission,  steel 
wire  is  used  for  very  long  spans  where  high 
tensile  strength  is  required.  The  resistivity 
of  steel  wire  is  0  to  12  times  that  of  copper. 
It  must  be  galvanized  to  prevent  rust. 

Steelyard  Ammeter. — ^A  form  of  am- 
meter provided  with  a  graduated  steel- 
yard arm  carrying  a  sliding  weight,  and  a 
solenoid  suspended  from  the  short  end  of 
the  arm,  so  that  when  the  current  through 
the  solenoid  draws  down  the  arm,  the 
weight  may  be  moved  along  the  scale  till  a 
balance  is  reached. 

Steeps. — In  electroplating,  solutions  into 
which  objects  are  dipped  for  a  final  cleans- 
ing before  they  are  suspended  in  the  plating 
bath.    Also  called  dips. 

Steering  Compass. — ^The  mariner's  com- 
pass by  means  of  which  a  vessel  is  steered 
at  sea. 

Steering*  Electrlc—^Operating  a  ship's 
steering  gear  by  electrical  apparatus. 

Steering^  Telec^raph. — A  telegraph  sys- 
tem installed  in  a  ship  for  sending  steermg 
instructions  from  the  bridge  to  the  wheel. 

StelnmetB,    Charles    Proteus.  —  Bom 

1865.  A  German-American  electrical  en- 
l^neer,  scientist  and  mathematician,  dis- 
tinguished for  his  researches  in  electricity, 
especially  in  connection  with  alternating 
CTirrents,  electrochemistry,  magnetism  and 
hysteresis,  dielectrics*  and  the  theory  of  electrical 

Shenomena.  Cominc  to  America  as  a  young  man, 
e  began  work  as  a  draftsman.  By  contributing 
to  ,  electrical  journals  he  soon  attracted  notice 
which  ultimately  led  to  his  engagement  by  the 
General  Electric  Co.  Here  opportunity  for  experi- 
ment led  to  many  inventions  which  already 
number  over  100,  and  the  development  of  exten- 
sive laboratories  where  reseArches  of  great  im- 
portance are  carried  on.  His  brilliant  mathe- 
matical mind  is  productive  of  most  advanced 
oontributiona  to  electrical  knowledge,  and  his 
books  and  papers  are  of  the  highest  authorily  and 
eveiywhere  recognised. 

Steiiimets*s  Law. — ^A  law  of  hysteresis 
loss  determined  by  C.  P.  Steinmetz.  It 
states  that  the  loss  by  hysteresis  is  pro- 
portional to  the  one  and  six-tenths  power 
of  the  flux  density. 

Stem. — 1.  The  central  pin  or  spigot  of  a 
mushroom  valve,  whicn  works  within  a 


hole  in  the  perforated  seat,  constituting 
the  guide  for  the  valve. 

2.  A  rod  working  through  the  stuffing 
box  of  a  slide  valve  casing,  one  end  being 
connected  to  the  valve  by  means  of  a  nut  or  yoke, 
the  other  end  being  jointed  to  the  valve  eyiaring; 
what  is  usually  known  as  a  valve  gpindle, 

Steno-teleg^aphy. — ^A  ''short  band"  sys- 
tem of  rapid  telegraphy  for  ipress  dis- 
patches, employing  a  code  of  single  and 
double  letters  and  contractions  in  place  of 
words  and  phrases;  the  signals  bein^  re- 
ceived bv  an  ink  recorder,  and  then  wntten 
out  by  the  operator. 

Step  By  Step  Telesrraphy. — ^A  83rstem 
of  printing  telegraphy  operated  by  the 
movement  of  a  transmitter  which  sends 
out  pulsating  currents,  causing  a  type 
wheel  at  the  receiving  end  to  respond  step 
by  step  for  each  oscillation. 

Step  Down  Transformer. — A  trans- 
former for  changing  alternating  currents  of 
small  quantity  and  high  pressure  into  cur- 
rents of  large  quantity  and  low  pressure; 
also  called  step  down  converter. 

Step  of  Screw. — ^The  distance  between 
two  adjacent  threads,  more  commonly 
termed  the  pitch  of  the  screw. 

Step  Up  Transformer. — ^A  transformer 
for  changing  alternating  currents  of  large 
quantity  and  low  pressure  into  currents  of 
small  quantity  and  high  pressure;  also 
called  step  up  converter, 

Stereopticon. — A  perfected  and  elaborated 
form  of  magic  lantern,  consisting  of  a  pair 
of  lanterns  combined  into  a  single  instru- 
ment. 

Stereoscope. — An  optical  instrument  by 
means  of  which  two  nearly  identical  photo- 
graphs of  an  object  are  seen  simultaneously 
through  lenses  so  that  the  object  appears  in 
relief  as  in  nature. 

Stereotype. — A  duplicate  of  a  form  of 
type  or  cuts,  is  made  by  moulding  the 
form  in  plaster,  clay,  or  papier-machi,  and 
applying  melted  stereotype  metal  to  make 
the  plate. 

Sterilisation*  Electric. — ^Destroying 
germs  in  a  liquid  by  passing  electric  cur- 
rents through  it. 

Stem  Sheave. — ^In  cable  laying  operations, 
a  sheave  or  drum  over  which  the  cable  is 
paid  out  from  the  stem  of  the  cable  ship. 
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Stethoscope. — A  tube  fitted  at  one  end 
with  a  microphone  or  telephone  receiver  by 
which  waterworks  inspectors  are  able  to 
listen  at  night,  to  the  flow  of  water  through 
the  mains,  thus  being  able  to  detect  waste 

or  leakage.  The  use  of  the  stethoscope  is 
naturally  aooompanied  by  closing  out  yarioua 
streets  so  that  the  passage  of  water  can  point 
accuratelsr  to  the  thorougfalare  along  which  undue 
consumption  or  leakage  occura. 

Sticking. — In  telegraphy,  a  tendency  of 
the  relay  to  cling  to  tne  pole  of  its  magnet 
after  the  current  is  broken. 

Sticking^  of  Armature. — ^A  clinging  of 
the  armature  of  an  electromagnet  to  its 
poles  after  the  magnetizing  current  has 
ceased  in  its  windings. 

Stiff  Field. — ^A  term  sometimes  applied  to 
an  intense  electromagnetic  field. 

Stimulus  of  Nerve. — ^In  electro-therapeu- 
tics, the  excitation  of  a  nerve  produced  by 
an  electric  current. 

Stock  Brick. — ^A  hard,  well  burned  brick, 
not  quite  perfect  in  form. 

Stock  Ticker. — A  **step  by  step"  printing 
telegraph  in  which  a  transmitter  sends 
pulsating  signals  which  are  responded  to  by 
a  type  wheel  maintained  in  synchronism, 
so  tnat  letters  and  figures  corresponding  to 
those  transmitted  are  automatically  printed 
upon  a  paper  ribbon. 

Stock  Ticker  Service. — A  system  of 
telegraphy  for  transmitting  quotations  of 
stocks  to  different  points  by  means  of 
stock  tickers. 

Stone. — A  mass  of  concreted,  earthy,  or 
mineral  matter.  In  popular  language,  very 
large  masses  of  stone  are  called  rocks; 
small  masses  are  called  stones;  and  the 
finer  kinds  gravel  or  sand. 

Stone  Cement. — 1.  A  hard  composition  of 
the  nature  of  mortar  which  will  harden  and 
form  a  water  tight  joint. 

2.  A  mineral  compound  for  uniting  stone 
and  resisting  water,  is  made  by  mixing  19 
pounds  of  sulphur,  with  42  pounds  of 
powdered  glass  or  stoneware.  Over  a  gentle  heat 
the  sulphur  melts  and  the  whole  is  stirred  till  a 
homoKeneous  mass  is  obtained  when  it  may  be 
run  into  moulds.  It  melts  at  248  d^^fees  Fahr.; 
it  may  be  reformed  indefinitely  by  remelting. 


Stopper  Lamp. — An  incandescent  lamp 
havmg  a  stopper  mounted  filament. 

Stopper  Bloanted  Filament. — An  in- 
candescent lamp  filament  which,  instead  of 
being  sealed  into  the  bulb,  is  mounted  upon 
a  form  of  stopper  which  is  plugged  tightly 
into  the  chamber. 

Stopping  OIF. — In  electroplating,  the 
application  of  a  coating  of  insulating 
yamish  to  certain  parts  of  a  metallic  obn 
ject,  in  order  to  prevent  the  deposit  of 
plate  upon  those  parts. 

Stopping  Off  Varnish. — ^In  electroplat- 
ing, a  non-conducting  varnish  employed  to 
cover  any  part  of  an  object  which  is  not 
to  be  plated. 


Out. — In  electrotyping,  the  ap- 
plication of  a  coating  of  hot  wax  or  a  hot 
u'on  to  the  parts  of  a  mould  which  are  not 
to  be  reproduced  in  the  electro. 

Storage* — ^The  artificial  holding  back  of  a 
body  of  water;  as,  to  control  the  flow  of 
water;  as,  in  electro-hydraulics. 

Storage  Battery. — ^A  source  of  electricity 
made  up  of  a  ^ouf)  of  storage  cells;  a 
secondary,  as  distinguished  from  a  primary 
battery.  Each  cell  of  a  storage  battery 
contains  a  positive  electrode  or  plate  pro- 
vided with  lead  peroxide  (PbOa)  as  its 
active  material,  and  a  negative  plate  of  sponge 
lead  (Fb)  immersed  together  in  an  electivlS'te  of 
dilute  sulphuric  acid.  These  elemento  are  held  in 
a  containing  cell  or  jar  composed  of  glass,  bard 
rubber,  lead  lined  wood  or  any  other  acid  proc^ 
water  tight  material  insulated  from  the  other 
cells  ana  resting  on  insulated  supports.  The 
storage  cell  is  charged  by  a  current  of  electricity 
which  performs  chemical  action  upon  the  ele- 
moits.  Whoi  dischaii^ng.  the  chemical  action  is 
reversed  and  an  electric  current  is  derived  from 
the  cell  ranging  from  2.1  volts  at  the  start,  to  1.75 
volts  when  the  cell  requires  rechaiiging. 

In  all  lead  storage  batteries,  one  of  the  objects 
desired  is  to  obtain  a  large  lead  surface  for  small 
mass,  as  the  capacity  and  dischaive  rates  are 
strictly  proportional  to  the  amount  of  surface  in- 
volved. This  necessary  maximum  of  surface  has 
hitherto  been  obtained  in  one  of  two  ways.  The 
earlier  method  was  to  slowly  eat  out  the  toad 
plates  by  electrolysis  until  they  had  attained  the 
requisite  spon^/^ condition,  an  affair  of  some  time 
and  expense.  T*he  later  way  (and  the  one  which 
is  generally  practiced)  is  to  cast  a  frame  of  lead, 
with  raised  right  angled  ribs  on  each  side,  thus 
forming  little  depressed  squares,  or  to  punch  a 
lead  plate  full  of  holes,  which  squares  or  holes  are 
then  filled  with  a  pasty  mixture  of  red  oxide  of 
lead  in  positive  plates,  and  with  litharge  in  nega- 
tives. The  manufacturer  of  one  of  the  most 
efficient  types  of  battery  gives  the  following  data: 
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Storage  Batterjr  Meter. — A  form  of 
meter  for  measuring  the  amount  of  elec- 
trical energy  accmnulated  in  a  storage 
battery. 


Storage  Battery  Traction. — Electric 
traction  by  means  of  storage  batteries 
carried  on  the  cars.  Many  attempts  have 
been  made  to  introduce  this  method  of 
propulsion,  but  none  have  proved  success- 
ful. The  great  weight  of  the  cells,  the 
add  fumes  tEat  arise  from  them,  and  their  rapid 
deterioration  under  vibration  have  been  the  chief 
drawbacks  to  their  use.  Batteries  are,  however, 
sometimes  usefully  employed  to  drive  industziaj 
locomotives  in  manufacturmg  plants. 


F^ 


Storage  Capacity. — The  amount  of  eleo- 
trical  energy  in  terms  ^  of  ampere  hours 
which  a  storage  battery  is  capable  of  deliv- 
ering. 

Stora^fe  Clell. — ^A  cell  in  which  the  poten- 
tial energy  of  chemical  change  is  stored  up 
to  be  given  out  again  in  the  form  of  elec- 
trical energy  by  the  action  of  a  secondary 
chemical  change.    A  storage  cell,  consists. 

usually,  of  a  vessel  containing  prepared 
plates  of  lead  immersed  in  dilute  sulphuric  acid, 
so  that  when  a  reverse  electric  current  is  sent 
through  it,  a  chemical  action  char^ces  the  plates 
T7itb  chemical  energy  ready  to  debvcr  a  current 
when  required :  an  accumulator  or  secondary  cell, 
as  distinguished  from  a  primary  or  voUatc  cell: 
two  or  more  storage  cells  connected  so  as  to  form 
a  unit  are  called  a  atoraoe  battery, 

Storag^e  of  Electricity. — The  storing  of 
the  ener^  of  chemical  change  produced  by 
an  electric  current  in  a  storage  cell,  so  that 
electricity  is  yielded  again  by  a  subsequent 
secondary  chemical  change. 

Storm*  Electric. — ^An  exceptional  disturb- 
ance in  the  earth's  magnetism  which  some- 


times occurs  from  unknown  causes.  It  is 
evidenced  by  unusual  irregularities  in  the 
magnetic  compass,  and  by  extraordinary 
displays  of  the  aurora;  a  magnetic  storm. 

Stove  Plate*  Electric. — An  Iron  plate 
furm'shed  with*  electrical  resistance  on  its 
under  side,  so  that  it  m<iy  be  sufficiently 
heated  for  cooking  purposes. 

BtramsUng  FIqje. — The  magnetic  flux 
which  escapes  from  the  pole  face  of  a 
dynamo  electromagnet  by  anv  other  path 
than  across  the  air  ^p  to  the  armature; 
the  leakage  flux  as  distinguished  from  the 
useful  flux. 

Straight   Away   Bunched    Cable.— A 

bunched  cable  in  which  the  conductors  are 
arranged  in  parallel  lines  instead  of  being 
twisted  togetner. 

Straight  Connector. — A  form  of  con- 
nector for  joining  two  wires  in  a  straight 
line. 

Straight  Edge. — 1.  A  bar  of  metal  care- 
fully planed  and  scraped  on  one  or  more 
edges  to  serve  as  a  gauge  or  test  for  the 
accuracy  of  machine  work,  or  in  adjusting 
or  assembling  machinery. 

2.  An  engineer's  steel  rule,  the  edges  cf 
which  are  made  straight  for  use  as  a  gauge 
or  tester. 

Straight  Filament. — A  straight  form  of 
incandescent  lamp  filament,  as  distinguished 
from  the  usual  looped  filament. 

Straight  Line  Insulator. — A  form  of 
trolley  hanger  provided  with  extension 
lugs  for  the  attachment  of  the  iv-ires  used  in 
connection  with  span  wires  where  the  line 
is  straight. 

Strain. — ^The  deformation  of  a  body  re- 
sulting from  a  stress. 

Strain  Insulator. — ^In  trolley  line  suspen- 
sion, a  form  of  insulator  usecl  at  the  point 
where  the  span  wire  supports  the  trolley 
wire.  It  is  designed  to  bear  the  tension  or 
strain  on  the  span  wire,  and  consists,  in 
its  simplest  form,  of  an  insulated  ball  or 
cylinder  with  an  eye-bolt  at  each  end. 

Strain  Sheets.  —  An  engineering  term 
applied  to  the  various  sheets  of  drawings 
and  calculations,  used  to  determine  with 
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the  utmost  attainable  accuracy  the  strength 
of  the  members,  both  iron  and  wood,  of  a 
structure;  as,  of  a  bridge  or  roof. 

Stranded  Conductor. — A  conductor 
made  up  by  twisting  or  braiding  together 
several  strands  of  wire,  either  to  secure 
greater  flexibiUty  or  to  lessen  self-induc- 
tion. 

Stranded  Core* — ^A  cable  core  made  up  of 
a  number  of  conductors  twisted  together, 
as  distinguished  from  a  solid  wire  core. 

Stranded  Line. — A  hne  wir&  consisting  of 
a  number  of  small  wires  stranded  together. 

Strap. — ^A  polishing  belt  used  by  electro- 

Slaters,  burnishers  and  brass  finishers, 
ometimes  made  endless,  of  two  thick- 
nessess  of  duck  with  India  rubber  between, 
but  generally  of  heavy  cotton  duck,  sup- 
plied in  widths  from  one  to  six  inches,  the 
ends  being  sewed  together.  Emery  pow- 
der, quartz,  flint,  or  other  abrading  and 
polishing  agents  are  used  on  the  straps. 

Strap  Brake. — ^A  simple  variation  of  the 
Prony  brake  for  testing  the  horse  power  of 
en^es.  A  strap  or  piece  of  belt  furnished 
with  shoes  is  so  disposed  around  the  fly 
wheel  as  to  form  a  H ;  the  curve  enclosing 

at  least  half  the  circxmiference  of  the 
wheel,  while  a  steelyard  hi  interpossd  between 
either  end  and  the  floor,  or  foundation.  An 
arrangement  is  made  for  adjusting  the  tension  on 
the  tight  side  of  the  strap,  so  as  to  in^sure  a  fair 
pull,  and  the  product  of  the  dUTeren-e  between 
the  indicatians,  on  the  two  spring  baUnoes,  multi- 
plied by  the  Imear  velocity  of  the  rim,  in  feet  per 
minute,  gives  the  power  supplied  by  the  engine. 

Strap  Coppers. — Copper  strips  used  as 
the  conductors  of  a  bar  armature. 

Strap  Driven. — ^A  term  sometimes  applied 
to  machinery  to  which  power  is  trans- 
mitted from  the  prime  mover  bv  belting 
throu*^  a  system  of  shafting  and.  pulleys : 
belt  driven. 

Strap  Key. — ^A  key  making  electrical  con- 
tact by  means  of  an  elastic  strip  which  is 
secured  to  the  base  at  one  end  and  provided 
with  a  button  at  the  other. 

Strap  Switch. — A  term  sometimes  used 
for  the  simplest  form  of  knife  switch,  con- 
sisting of  a  blade  of  copper  hinged  at  one 
end  and  makin-;  contact  at  the  other  end 
between  flexible  copper  jaws. 


Strata* — The  plural  of  Mtraium,  folds  or 
layers.  A  tenn  appUed  to  those  rocks, 
among  the  constituents  of  the  earth's  crust, 
which  present  the  appearance  of  succes- 
sive layers  piled  upon  each  other.  Such 
rocks  have  been  deposited  under  water  as 
the  sediment  resulting  from  the  disintegration  of 
older  materials,  and  have  hardened  into  stone;  the 
succession  of  beds  has  been  due  to  the  rise  and 
fall  of  the  earth's  surface,  whereby  the  same  ana 
has  been  alternately  sea  and  land,  eadb  ehange 
causing  the  deposition  of  a  different  stratum. 
The  action  of  the  same  internal  forces  has  pro- 
duced tiltings,  contortions  and-ourvaturs  in  what 
were  once  horiaontal  layen. 

Stratham**  Fuse. — ^A  variety  of  fuse  for 
igniting  an  explosive  by  means  of  an  electric 
spark. 

Stratification  Tube. — ^A  low  vacuum 
tube  provided  with  electrodes  between 
which,  when  a  current  passes,  luminous 
effects  appear,  broken  up  into  striae  or 
stratifications  of  light,  vibrating  between 
dark  spaces. 

Stratified  IHmehmrgB. — The  luminous 
discharge,  consistine  of  stratifications  or 
striae  of  light,  which  takes  place  in  a  low 
vacuum  tube  at  a  certain  degree  of  ex- 
haustion. 

Stra;^  Chain. — In  submarine  cable  opera- 
tions, a  section  of  chain  bv  means  of  which 
the  end  of  a  cable  may  be  fastened  to  a 
buoy  or  anchor. 

Stra;^  Currents. — 1.  Currents  induced  in 
the  mass  of  a  metal  either  by  being  cut  by 
a  moving  magnetic  field  or  by  moving  in 
tJie  field.  These  currents  circle  aLout 
within  the  metal,  absorbing  energy  and 
converting  it  into  heat.  They  are  usually 
called  eddy  ourroits,  and  sometimes  FoueauU  cur- 
rents after  a  French  experimenter  who  investi- 
gated them.  Eddy  currents  are  the  cause  of 
much  loss  of  energv  in  dynamos^  motors  and 
transformers.  To  obviate  them,  iron  cores  of 
armatures  and  induction  coils  are  laminated  or 
built  up  of  thin  metal  stampings,  the  plane  of 
division  being  arranged  to  lie  parallel  to  the  lines 
of  magnetic  force  and  at  right  angles  to  the 
direction  the  induced  currents  would  tend  to  flow. 
2.  Currents  which  leak  away  from  a  street  rail* 
way  system  through  the  ground,  following  under* 
ground  pipes  and  other  buried  conductors,  dishi- 
tegrating  and  otherwise  damaging  them  by  tiio 
electro-chemical  action  known  as  eiectrolyaiaL 

Stra^  Field. — A  part  of  an  electromag- 
netic field  which  fails  to  find  its  way 
through  the  armature,  being  diraipated  by 
leakage;  a  waste  field, 

Stra;^  Flux. — ^Lines  of  force  which  follow  a 
stray  path  or  leak  from  an  electromagnetie 
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machine,  and  are  wasted.  In  a  generator 
or  motor  certain  lines  of  force  pass  from 
one  pole  piece  to  another  through  the  air 
or  through  the  frame  instead  of  through 
the  armature;  leakage  flux, 

Strayless. — A  term  applied  to  an  electric 
or  magnetic  circuit  or  apparatus  in  which 
no  leakage  of  flux  occurs. 

Stra;^  Power. — ^The  mechanical  enersy 
which  is  expended  in  overcoming  the 
friction  of  the  various  parts  of  a  machine. 

Streamem. — Streaks  of  pale  light  seen  in 
connection  with  the  aurora  streaming  in  the 
direction  of  the  magnetic  north. 

Streamifig  Discharge. — ^A  form  of  dis- 
ruptive discharge  of  very  high  frequency; 
phantom  streams, 

Streamlngg* — 1.  The  flux  in  an  electro- 
magnetic or  electro-static  field. 
2.  The  radiation  emitted  by  radio-active 
substances. 

Street  Call  Point. — ^A  point  where  a  fire 
alarm,  or  other  signal  box  is  located. 

Street  Car  Motor. — A  motor  for  propel- 
ling an  electric  troUev  car.  One  end  of  the 
armature  shaft  of  tne  motor  is  provided 
with  a  pinion  which  communicates  its 
motion  by  means  of  a  large  gear  to  an 
auxiliary  shaft  provided  with  a  pinion 
which,  in  turn,  communicates  its  motion  to 
another  large  gear  placed  upon  the  car  axle*.  In 
order  to  insure  the  parallelism  of  these  sears  and 
pinions,  one  end  of  the  motor  is  fastenea  directly 
to  the  car  axle,  the  other  end  is  supported  by 
sptinn,  which  permits  of  a  movement  of  the  motor 
and  does  away  with  the  iar  and  strain  which 
would  otherwise  occur  on  uie  starting  and  stop- 
ping of  the  car. 

Street  Car  Wattmeter. — A  recording 
wattmeter  for  indicating  the  amount  of 
electric  power  consumed  by  a  trolley  car. 

Street  Load  Dia^am. — In  a  system  of 
electrical  distribution,  a  diagram  indicating 
the  load  for  each  street  to  which  power  is 
supplied. 

Street  Mains. — ^The  principal  conductors 
in  a  system  of  electncal  distribution  run- 
ning through  conduit  systems  imder  the 
streets,  receiving  current  from  feeders  and 
distributing  current  to  service  wires  along 
the  line. 


Street  Railwaj^,  Sleetrlo. — ^Any  system 
of  electric  traction  for  city  streets. 

Street  Service. — 1.  In  a  system  of  elec- 
trical distribution,  the  service  wires  leading 
from  the  street  mains  to  the  cut  out  within 
a  building. 

2.  In  a  svstem  of  street  lighting  the  ser- 
vice wires  leading  from  the  mains  to  the 
lamps. 

Strensrth  of  Field.— The  intensity  of  a 
piagnetic  field.  It  is  the  force  with  which 
it  acts  upon  a  unit  pole  at  any  point.  The 
unit  of  m tensity  is  that  which  acts  on  a 
imit  pole  with  a  force  of  one  dyne.  Its 
symbol  is  x. 

Strength  of  Magnet.  —  The  magnetic 
force  exerted  by  either  ef  the  poles  of  a 
magnet.  The  strength  of  a  magnet  is  not 
the  same  thing  as  its  ''lifting  power."  The 
strength  of  a  magnet  is  the  strength  of  its 
poles.  The  strength  of  a  magnet  pole 
must  be  measured  by  the  magnetic  ^rce  which 
it  exerts. 

The  lifting  power  of  a  magnet  depends  both 
upon  the  form  of  the  magnet  and  on  its  magnetic 
strength.  A  horseshoe  magnet  will  lift  a  load 
three  or  four  times  as  great  as  a  bar  magnet  of 
the  same  weight  will  lut.  The  lifting  power  is 
greater  if  the  area  of  contact  between  the  poles 
and  the  armature  be  increased.  Also  the  lifting 
power  of  a  magnet  grows  in  a  very  curious  and 
unexplained  way  by  gradually  increasing  the  load 
on  its  armature,  day  oy  day.  until  it  bears  a  load 
which  at  the.  outset  it  could  not  have  done.  If 
the  load  be  so  increased  that  the  armature  is  torn 
off,  the  power  of  the  magnet  falls  at  once  to  its 
original  value.  The  attraction  betweoi  a  power- 
ful electromagnet  and  its  armature  may  amount  to 
200  lbs.  per  sq.  inch. 

Small  magnets  lift  a  greater  load  in  proportion 
to  their  own  weight  than  large  ones.  A  good 
steel  horseshoe  magnet  weighing  itself  one  pound 
ought  to  lift  twenty  pounds  weight.  Sir  Isaac 
Newton  is  said  to  have  possessed  a  little  lodestone 
mounted  in  a  signet  ring  which  would  lift  a  piece 
of  iron  200  times  its  own  weight. 

Stren^h  of  Manet  Pole. — The  mag- 
netic force  exertedby  either  pole  of  a  mag- 
net depending  upon  the  amount  of  free 
magnetism  at  that  pole. 

Stren^h  of  Materials. — ^A  general  ex- 
pression for  the  measure  of  capacity  of 
resistance,  i>06sessed  by  solid  masses  or 
pieces  of  various  kinds,  to  any  causes  tend- 
mg  to  produce  in  them  a  permanent  and 
disabling  change  of  form  or  positive 
fracture. 

Materials  of  all  kinds  owe  their  strength  to  the 
action  of  the  forces  residing  in  and  about  the 
molecules  of  bodies  (the  molecular  forces),  but 
mainly  to  that  one  of  these  known  as  cohesion; 
certain  modified  results  of  cohesion,  as  toughness 
or  tenacity,  hardness,  stiffness,  and  elasticity  are 
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abo  important  elements,  and  the  strencth  is  in 
the  relation  of  the  toughness  and  stifTness  com- 
bined. 

Strenfi^  of  Solenoid. — ^The  product,  at 
any  point  in  a  solenoid,  of  the  intensity  of 
magnetization  and  the  area  of  cross  section 
at  that  point. 

Stress. — The  mutual  action  of  one  body  up- 
on another  resulting  in  a  strain. 

Stress  Flax. — Electrostatic  flux  exerting 
a  mechanical  stress  upon  a  dieUctric. 

Stretcher. — In  building,  a  brick  laid  in 
course  parallel  to  the  face  of  a  wall,  or 
longituoinally;  those  laid  across  are  termed 
headere. 

Striae»  Electrie. — Luminous  bands  alter- 
nating Tinth  dark  spaces  seen  between  the 
electrodes  in  a  low  vacuum  tube  at  a  cer- 
tain degree  of  exhaustion. 

Striking^. — ^The  use  of  the  striking  bath  in 
silver  plating. 

Striking  Bath. — In  silver  plating,  a  pre- 
liminary bath,  containing  a  weak  solution 
of  silver  cyanide  and  a  large  proportion  Cif 
potassium  cyanide,  employed  to  give  an 
mstantaneous  coating  of  silver  over  an 
article  for  the  purpose  of  insuring  a  perfect 
deposit  in  the  regular  silver  bath. 

Striking  Distance. — ^The  distance  be- 
tween two  electrodes  of  a  spark  gap 
across  which  a  spark  will  jump.  Induc- 
tion coils  are  designated  by  theu*  sparking 
distance:  thus,  a  "10-inch  coil"  is  an 
induction  coil  which  can  produce  a  spark 
ten  inches  long  between  the  points  or 
knobs  attached  to  the  ends  of  its  secondary 
circuit. 

Striking  Gear. — ^The  bar  with  lever,  forks 
and  fittings,  by  means  of  which  the  driving 
belt  of  a  machine  is  shifted  from  the  tight 
to  the  loose  pulley,  or  vice  versa.  The 
lever  that  operates  the  striking  gear  is 
sometimes  known  as  the  shifting  lever. 

Striking^  Mechanism. — An  electro- 
magnetic coil  placed  in  the  main  circuit  of 
an  arc  lamp  for  automatically  striking  the 
arc  when  the  current  passes. 

Striking  The  Arc. — Producing  an  arc  in 
an  electric  arc  lamp  by  bringing  the  two 
carbon  tips  together  and  then  separating 


them,  so  that  the  current  causes  a  spark 
which,  by  volatilizing  some  of  the  can>on, 
maintains  the  passage  of  the  electric  cur- 
rent. 

Strinfi^ing. — In  pole  line  construction,  after 
erectmg  the  poles  and  equipping  them  with 
cross  arms,  insulators,  etc.,  the  process  of 
running  the  wires  from  pole  to  pole. 

Strip  Commatator.--A  commutator  com- 
posed of  flat  metal  strips. 

Strip  Fuse. — ^The  simplest  form  of  safety 
fuse  for  breaking  an  electric  circuit  when 
the  current  becomes  excessive.  It  consists 
of  a  thin  strip  of  fusible  metal  provided 
with   copper   terminals   by   which   it  is 

screwed  aown  to  the  terminals  of  the 
circuit.  This  ^ype  of  fuse  is  usually  known  as  the 
link  fu8e.  It  is  rapidly  going  out  of  use*  being 
superseded  by  the  enclosea  or  cartridge  type  which 
is  safer  and  more  reliable. 

Stripping. — ^Removing  the  layer  of  metal 
that  has  been  deposited  upon  a  plated 
article.  It  is  effected,  either  by  treating 
the  article  with  a  strong  acid,  or  by  sus- 
pending it  as  the  anode  in  a  stripping  bath, 
and  subjecting  it  to  the  action  of  electrol- 
ysis. 

Stripping  Bath. — ^A  bath  containini^  a 
metalli^salt  for  the  purpose  of  removmg 
the  plating  from  an  article  coated  with  the 
same  metal  as  that  in  the  solution,  by  the 
action  of  electrolysis. 

Stripping  Liquid. — A  solution  of  metal 
employed  as  a  stripping  bath  for  removing 
the  plating  from  an  object  that  had  been 
plated  with  the  same  metal. 

Strip  Resistance. — ^A  resistance  composed 
of  meted  strips. 

Stroboscope. — An  instrument  for  the 
study  of  periodic  motion,  especially  of 
a  rotating  bodjr  by  periodically  mtemipted 
illumination,  either  by  electric  sparks,  or 
by  a  beam  of  light  seen  through  a  perforated 
disc. 

Stroboscopic. — ^A  moving  perforated  plate 
employed  in  a  type  of  stroboscope  for  the 
study  of  varying  motion. 

Stroke. — ^The  linear  distance  traveled  in 
one  motion  by  a  piston  or  plunger,  whether 
in  an  engine  or  pump.  The  entire  move- 
ment of  the  piston,  from  one  end  to  the 
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other  of  the  steam  cylinder.  The  respec- 
tive strokes  are  distinguished  as  up  and 
down  strokes*  or  front  and  back  strokes,  the  front 
stroke  being  towacd  the  croashead.  In  the  United 
States,  the  stroke  of  a  looomotive  piston  toward 
the  front  of  the  engine  is  called  the  jront  ttroke. 
The  term  is  also  applied  to  the  movement  of  the 
crosshead  and  other  parts  movin|s  with  the  piston. 
The  movement  of  a  slide  valve  is  called  its  travel 
or  throw.  The  movement  of  an  eccentric  is  called 
its  throw.  Confusion  results  from  the  improper 
use  of  the  word  throw  which  means  the  entire 
linear  movement  produced  by  an  eccentric  and 
not  half  the  movement. 

Sirongr  Current  Arrester* — An  arrester 
designed  to  protect  a  line  or  instrument 
from  the  possibility  of  contact  with  a  cir- 
cuit contaming  a  powerful  current. 

Strontinm* — A  white,  malleable  metal,  of 
but  little  importance  from  a  mechanical 
point  of  view,  its  salts  being  used  in  pyro- 
technics to  give  a  red  glare. 

Stmck* — ^In  electroplating  with  silver,  the 
state  of  an  object  that  has  been  subjected 
to  a  striking  bath  preparatory  to  the  regu- 
lar plating  bath. 

Structural  Filament. — An  incandescent 
lamp  filament  in  which  the  fibrous  structure 
of  a  carbonized  organic  substance  is  re- 
tained. 

Structural  Iron  Work* — ^The  cast  iron, 
and  cast  and  wrought  steel  work  entering 
into  the  construction  of  a  building,  com- 
prising posts,  pillars,  caps  and  bases;  rolled 
joists;  cast,  rolled  or  built  up  girders; 
sectional  iron  bars,  etc. 

Structural  Ma^etic  Flux. — A  mag- 
netic flux  occurring  in  a  magnetizable  sub- 
stance by  the  action  of  its  molecules,  which 
are  regarded  as  individual  original  magnets 
influenced  by  an  external  magnetizing 
force. 

Structureless  Filament* — ^An  incandes- 
cent lamp  filament  in  which  the  original 
structure  of  a  carbonized  organic  substance 
is  wholly  destroyed  in  the  process  of  manu- 
facture, and  the  filament  rendered  homo- 
geneous carbon. 

Strut* — ^Anv  part  of  a  machine  or  structure 
of  which  the  principal  use  is  to  hold  things 
apart;  the  opposite  of  stay  and  tie.  In 
general,  any  piece  of  a  frame  which  resists 
thrust  or  pressure  in  the  direction  of  its 
own  length. 


Struts* — ^In  pole  line  construction,  poles  or 
stubs  propped  against  a  telegrapn  pole  to 
sustain  special  strains. 

Strutting. — 1.  Diagonal  braces  between 
the  foists  in  a  floor  to  prevent  sidewise  de- 
flection; the  pieces  are  frequently  crossed 
over  each  other,  forming  an  elongated  St. 
Andrew's  cross;  at  other  times  they  may 
incline  alternately  in  each  direction,  form- 
ing herring  bane  strutting. 

2.  Shoring  by  means  of  struts.  A  shore 
that  approaches  the  horizontal  is  known 
as  a  strut. 

Stud. — 1.  A  short  rod,  fixed  in  and  project- 
ing from  something;  sometimes  forming  a 
journal. 

2.  In  machine  shops,  a  boss  or  pro- 
tuberance designed  to  hold  an  attadied 
object  in  place. 

3.  In  carpentry*  an  upright  scantling. 

4.  A  nail  with  a  larse  head. 

5.  In  a  chain,  a  cast  iron  brace  across  the 
minor  diameter  of  a  cable  link,  to  prevent 
collapse. 

Stud  Bolt* — A  bolt  with  threads  on  both 
ends  to  be  screwed  into  a  fixed  part  at  one 
end  and  receive  a  nut  upon  the  other. 

Stuflln|B^  Box* — ^An  arrangement  for  render- 
ing a  joint  tight  where  a  movable  rod  passes 
into  a  vessel  of  some  kind;  as,  the  cylinder 
of  a  steam  engine.  It  consists  of  a  closed 
box,  cast  round  the  hole  through  which 
the  rod  passes,  in  which  is  laid  round  the 
rod  and  in  contact  with  it,  a  quantity  of  hemp  or 
india  rubber  packing,  metallic  or  rubber  rings,  and 
the  like,  lubricated  with  oily  matter,  and  pressed 
closely  down  by  a  ring. 

Sturs^on,  William*— Born  1783,  died 
1850.  An  English  electrician;  inventor  of 
the  first  soft  iron  electromagnet  (1825), 
the  process  of  amalgamating  the  zinc  plate 
of  a  voltaic  cell  with  mercury  (1830),  the 
first  rotating  electromagnetic  machine  for 
effectually  transforming  electrical  energy  into 
mechanical  power  (1832),  and  later,  the  com- 
mutator, an  indispensable  part  of  a  dynamo 
armature. 

Stur|feon*a  Commutator* — ^An  early 
form  of  commutator  for  a  dynamo  arma- 
ture, consisting  of  a  split  copper  tube. 

Sub-aqueous  Cable* — ^A  form  of  under- 
water cable  designed  to  be  laid  across 
rivers,  lakes  and  other  small  bodies  of 
water,  as  distinguished  from  a  submarine 
cable;  also  called  a  sub-fluvial  cable. 
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Sub-bntneh* — ^In  eleetrio  wiring,  a  minor 
branch  taken  from  a  branch  wire. 

Snb-contraetor. — ^A  person  or  firm  who 
contracts  to  execute  minor  details,  or 
separate  portions  of  any  work  which  has 
been  contracted  for  as  a  whole  by  larger 
firms;  thus,  in  building  a  house,  the  paint- 
ing and  plumbing  would  usually  be  let  by 
the  builder  to  separate  persons  engagea 
solely  in  that  class  of  work. 

Sub-ezcluuiM. — ^A  local  telephone  ex- 
change, as,  lor  example,  an  exchange  for 
serving  the  telephones  in  a  single  building, 
as  distmguiahed  from  a  central  exchange. 

Sabflavial  Cable. — An  electric  cable  de- 
signed to  be  laid  along  or  across  the  bottom 
of  a  rioer,  as  dlotinguished  from  a  tub- 
marine  cable  intended  for  deep  sea  work. 

Sublet* — 1.  To  let  work  that  one  has  con- 
tracted to  do,  to  a  subordinate  contractor; 
underlet. 

2.  To  let.  or  lease  to  another,  property 
that  one  holds  by  a  lease;  sublease. 

Sublimate. — ^In  phsrsics,  to  bring  by  heat 
into  the  state  of  vapor,  which,  on  cooling, 
returns  again  to  its  natural  state. 

Sub-mains. — ^Electric  conductors  branching 
from  mains,  and  themselves  serving  other 
branches. 

Submarine  Board. — A  telegraph  set  for 
submarine  telegraphy,  mounted  upon  a 
board. 

Submarine  Boat. — A  boat  for  naval  war- 
fare, propelled  and  manoeuvered  imder 
water  oy  electricity. 

Submarine  Cable. — A  telegraph  cable 
consisting  of  stranded  copper  wires  sur- 
rounded by  insulating  material,  and  pro- 
tected by  a  sheath  of  steel  wires,  for  use 
in  submarine  telegraphy. 

Submarine  Finder. — An  apparatus,  on 
the  principle  of  the  induction  balance,  de- 
signed to  indicate  the  location  of  metallic 
objects  under  water. 

Submarine  Fuse. — A  fuse  for  the  pur]>06e 
of  exploding  a  torpedo  or  submarine  mine. 

Submarine  Mine. — ^In  naval  warfare,  an 
explosive  mine  placed  under  water,  and 


fired  by  an  electric  current  from  the  shore 
when  an  enemy's  vessel  passes  over  it. 

Submarine  Searchlifl^ht. — ^A  powerful  in- 
*  candescent  lamp  designed  for  use  in  diving 
operations. 

Submarine  Telegpraph. — ^A  device  where- 
by messages  are  electrically  transmitted 
through  copper  wires  laid  at  the  bottom 
of  the  sea.  The  wires  are  insulated  in 
gutta  percha,  tarred  manila,  and  gutta 
percha  again;  those  cables  near  the  shore, 
which  are  subject  to  chafing  on  the  rocks,  beioc 
further  protected  by  an  armoring  of  plaited  steel 
wires.  The  conductor  is  usually  of  purest  copper 
wire,  weighmg  from  70  to  400  lbs.  per  nautical 
mile,  made  in  a  sevenfold  strand  to  lessen  risk  of 
breaking.  In  the  Atlantic  cable,  which  is  of  the 
usual  type  of  cable  for  long  lines,  the  ooro  is  pro- 
tected first  by  a  stout  layer  of  gutta-percha,  uien 
by  woven  coating  of  jute,  and  outside  all  an  ex- 
ternal sheath  made  of  ten  iron  wires,  each  covered 
with  hemp.  The  shore  ends  are  even  more  atrang- 
ly  protected  by  external  wires. 

CuUey  states  that  when  a  ourrent  is  tent 
through  an  AtJantio  cable  from  Ireland  to  New- 
foundmnd  no  effect  is  produced  on  the  most  deli- 
cate instrument  at  the  receiving  end  for  two- 
tenths  oi  a  second,  and  that  it  requires  .three 
seconds  for  the  current  to  gain  its  full  strength, 
rising  in  an  electric  wave  which  tnvels  forward 
through  the  cable.  The  strength  of  the  current 
falls  gradually  also  when  the  circuit  is  broken. 

Submarine  ^  Telecrntpl^* — Telegraphic 
communication  carried  on  between 
countries  separated  by  large  bodies  of 
water,  by  means  of  cables  laid  upon  the 
bed  of  the  ocean. 

Sabmerg^  Pump. — 1.^  One  that  works 
entirely  under  water;  as,  in  draining  flooded 
mine  workings,  compressed  air  or  hydraulic 
pressure  being  used  as  a  motive  power. 

2.  A  pump  which  is  so  arranged  that  its 
feed  supply  is  at  a  higher  level  than  itself, 
insuring  its  chambers  being  full  of  water  at  each 
stroke,  nence  tbere  is  no  ut,  and  the  foot  valve  is 
generally  dispensed  with,  the  head  and  bucket 
valves  being  sufficient. 

Snb-permanent  Mafl^etism* — ^The  mag- 
netism acquired  by  an  iron  or  steel  ship 
during  construction,  which,  in  the  course 
of  time  is  gradually  lost,  until  there  remains 
finally  a  constant  magnetic  condition  in  the 
vessel  known  as  its  permanent  magnetism. 

Subscriber's  Indicator. — A  telephone 
switchboard  drop  indicating  the  call  of  a 
subscriber. 

Snb-station* — A  distributing  or  generating 

{>lant  secondarjr  to  a  central  station,  and 
ocated  at  a  point  in  the  system  remote 
from  the  principal  station. 
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Sub-station  System. — ^In  electrical  distri- 
bution by  means  of  transformers,  an  ar- 
rangement in  which  transformers  fed  bv 
high  pressure  currents,  are  located  at  ad- 
vantageous points,  having  their  second- 
aries joined  to  a  complete  network  of  low- 
pressure  distributing  mains. 

Substitution  Method. — In  the  measure- 
ment of  electric  resistances  a  method  in 
which  a  current  of  definite  value  is  pro- 
duced in  a  circuit  containing  the  unknoicn 
resistance,  and  then  there  is  substituted  for 
it  a  known  resistance  of  such  value  as  to 
give  the  same  current.  The  unknown  re- 
sistance will  then  be  the  same  as  the  known 
resistance. 

Subterranean  Mine. — ^An  explosive  mine 
placed  undergroimd,  and  ignited  by  an 
electric  current  from  a  distance. 

Sub-transformer  Station. — In  a  system 
of  electrical  distribution  by  means  of  tranfr- 
formers,  the  points  where  transformers  are 
located  for  supplying  low  pressure^  cur- 
rents to  a  network  of  distributing  mains. 

Subway. — 1.  An  underground  passage  or 
footwav,  for  facilitating  safe  transit  from 
one  side  to  another  of  crowded  thorough- 
fares, or  from  one  platform  of  a  railway 
station  to  another. 

2.  A  shallow  unde»round  urban  railway,  just 
below  the  aurf aoe  leveC  reached  from  the  street  by 
a  few  steps  oaly«  like  the  Paris  Metropoh'taa.  the 
London  Undersround,  or  the  New  York  Subway, 
as  distinguished  from  a  deep  level  line  like  the 
London  Tubes. 

Subwa;^»  Electric. — 1.  Undergrotrnd  tun- 
nels for  electric  traction. 

2.^  An  underground  passageway  for  con- 
taining electric  cables  and  other  conductors. 

Successive  Contact  Key. — A  key  de- 
signed to  close  two  or  more  electric  circuits 

in  succession. 

■ 

Suction  Gas  Producer. — ^A  type  of  gas 
producer  in  which  draft  is  obtained  by  the 
piston  of  the  en^e  during  the  suction 
stroke  with  open  mlet  valves,  the  vacuum 
so  caused  in  the  cylinder  drawing  the  gas 
from  the  producer  into  the  engine.  The 
pressure  in  any  part  of  the  apparatus  is 
never  higher  than  that  of  the  atmosphere. 

Suction  Gas  Producer  System. — ^The 
operation  of  a  suction  gas  producer  system 
depends  upon  the  sucking  action  of  the 
engine  piston  during  its  forward  or  charg- 


ing strokes,  which  action  tends  to  draw 
the  air  supply  through  the  fuel  bed  of  the 

producer,  and  the  gas  generated  into  the  engine 
eylinder.  Ihe  gases  generated  in  the  producer 
pass  through, an  evaporator,  which  is  practically 
a  small  multitubular  boiler  and  fumisn  the  sen- 
sible heat  required  for  evaporating  the  water. 
The  resultant  vapor  is  conducted  to  the  ash  pit  of 
the  producer  through  a  pipe  by  the  sucking  effect 
in  the  producer,  while  the  gas  passes  from  the 
evaporator  to  the  scrubber  filled  with  coke.  As 
the  gas  rises  through  the  interstices  of  the  coke, 
the  washing  water  descends  and  not  onhr  takes 
up  and  removes  the  dust  brought  over  oy  the 
^as,  but  also  clears  it  of  ammonia  and  other 
unpurities  which  have  a  tendency  to  combine 
readily  with  water.  From  the  scrubber  the  gas 
passes  to  a  receiver  or  auction  box. 

The  diameter  of  the  receiver  being  relatively 
much  larger  than  that  of  the  suction  pipe  of  the 
engine,  the  strokes  of  the  engine  pistcn  do  not 
therefore  cause  pulsations  between  the  receiver 
and  the  producer.  Ihe  producer  is  usually  pro- 
vided with  a  chaiging  hopper  capable  of  holding 
enough  fuel  for  several  houn'  operation,  in  the 
smaller  sixes,  and  allows  the  admission  of  fuel  to 
the  combustion  chamber  without  pennitting  ao- 
oess  of  air  thereto  during  the  charging  operation. 
In  operating,  a  fire  is  kindled  upon'  tE^e  grate,  the 
fuel  bed  buflt  thereon,  and  the  air  necessazy  for 
starting  combustion  supplied  by  means  of  a  band 
or  belt  driven  fan.  The  poor  and  lean  gas  pro- 
duced at  starting  is  first  albwed  to  escape  mto 
the  open  air  through  a  vent  pipe  until  the  test 
cock  shows  that  good  gas  is  being  produced 
This  pipe  ia  then  closed  and  the  scrubber  and 
receiver  are  brought  into  the  gas  crcuit.  The 
engine  is  now  put  m  operation  and  as  it  thereafter 
performs  the  function  ol  the  fan,  the  latter  is 
stopped,  the  operation  of  the  entire  aystODD 
becoming  absolutely  automatic 

Suction  Lift. — In  a  pump,  the  height  to 
which  a  column  of  fluid  will  rise  in  the 
suction  pipe  of  a  pump,  due  to  the  pressure 
of  the  external  atmosphere.  Theoretically 
this  corresponds  to  about  34  feet  with 
water,  but  the  resistance  of  the  valves, 
friction  throiigh  passages,  etc.,  together  with  the 

Srobabilit^  otminute  leaks  in  the  suction  column, 
s  a  maximum  working  limit  of  about  25  feet. 

Suction  Tnbe. — An  air  tight  conduit  or 

Sipe  fitted  to  parallel  flow  turbines,  and 
iscliarging  below  the  tail  race.  The  ad- 
vantage is  that  the  turbine  has  equal  efli- 
ciency  if  placed  in  any  part  of  the  pipe,  as 
long  as  its  height  is  not  above  30  to  32  feet 
to  balance  the  pressure  of  the  atmosphere.  By 
this  device,  the  whole  force  of  the  fall  may  be 
utilised,  yet  the  turbine  is  kept  clear  above  the 
tail  race,  for  overhauling  and  repair. 

Sujl  Mnji. — A  term  from  the  Hindustani, 
for  a  composition  of  lime  and  soda  to  re- 
move old  paiDt;  a  cleansing  powder  for 
washing  paint  work,  etc. 

Sulphate  of  Copper. — Copper  sulphate,  a 
compound  of  copper,  sulphur  and  oxygen. 
In  a  crystallized  form  it^  is  known  as  blue 
vitriol  or  hhiestone.    It  is  used  in  copper 
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plating,  electrotyping,  as  the  depolarizer  in 
the  Daniell  primary  cell,  in  dyeing  and 
calico  printing,  etc. 

Sulphate  of  Iron. — ^Ferrous  sulphate. 
Also  known  as  copperas  or  green  vitriol.  It 
forms  bluish  gieen  transparent  crystals 
which  readily  dissolve  in  water,  and  ef- 
floresce and  oxidize  in  the  air.  In  electro- 
plating ferrous  sulphate  is  used  in  the  pre- 
paration of  iron  baths,  and  for  the  reduC" 
tion  of  gold  from  its  solutions. 

Snlphates. — ^These  are  chemicals^  formed 
by  the  action  of  sulphuric  acid  (com- 
mercially known  as  the  oil  of  vitriol)  upon 
an  element,  such  as  sodium,  magnesia,  etc. 

Sulphation. — ^The  deterioration  of  a  stor- 
age cell  due  to  the  formation  of  lead  sul- 
phate over  the  surface  of  the  plates.  The 
lead  sulphate  is  the  product  of  the  chemical 
combination  of  the  active  material  with  the 
electrolyte.  It  is  a  non-conductor,  white 
in  color  and  of  greater  volume*  in  proportion, 
than  the  active  material.  When  the  discharge  of 
the  cell  is  over  prolonged,  the  sulphation  is 
evidenced  by  the  electrodes  becoming  lighter  in 
color,  because  of  the  deposit  of  the  sulphate  which 
lessens  the  active  surface,  and,  if  further  contin- 
ued, by  the  loosening  or  breaking  up  of  the  active 
material  or  the  "bucicling"  of  the  plates.  Sulpha- 
tion is  usually  the  result  of  three  principal  causes: 
over-dischaiBingt  allowing  the  battery  to  remain 
discharged  for  a  considerable  time*  or  having 
wrong  spedfio  gravity  of  electrolyte. 

Sulphur* — ^An  elementary  mineral  sub- 
stance of  a  yellow  color,  brittle,  insoluble  in 
water,  easily  fusible  and  inflammable;  also 
called  hrimatone,  that  is,  bum  stone,  from 
its  great  combustibility.  It  bums  with  a 
blue  flame  and  a  pecuhar  suffocating  odor. 

Snlphnric  Acid. — ^A  compound  of  hydro- 
gen, sulphur  and  oxygen.  The  most  im- 
portant and  widely  used  chemical  in  com- 
merce, and  its  manufacture  is  one  of  the 
greate^  of  chemical  industries.  It  is  a 
colorless  oily  liquid,  fuming  sUghtly  in  air. 
It  is  very  poisonous  and  corrosive.  It  forms  the 
basis  of  manufacture  of  nearly  all  the  other  acids 
and  salts,  chemical  manures  and  fertilizers,  and 
is  used  largely  in  metallurgy,  in  the  manufacture 
of  certain  papeis,  cellulose,  explosives,  coal  tar 
colors  and  dyes,  in  tanning,  refinma  and  the  prep' 
aration  of  various  sulphates.  In  electric  practice, 
sulphuric  acid  solutions  are  used  as  electrolytes 
in  many  primary  cells  and  universally  in  storai^e 
batteries,  and  in  electroplating^  fimiin^  sulphuno 
add  is  used  as  a  mixture  with  nitnc  acid  for 
stripping  silvered  objects.  Also  called  oil  of 
vitnoL 

Summor  Liffhtnln^. — Also  called  heat 
Ughtning.  A  form  of  lightning  flash,  seen 
at  the  horizon  as  a  sudden  lighting  up  of 


the  clouds  without  any  sound  of  thunder. 
It  is  merely  the  reflection  from  a  thunder 
storm  taking  place  at  too  great  a  distance 
for  the  thimder  to  be  heard. 

Sunflower  Commutator. — ^A  form  of 
disc  armature  with  radiating  parts  re- 
sembling a  sunflower. 

Sunk  Winding. — ^An  armature  placed  in 
slots  or  channels  sunk  into  the  surface  of 
the  core. 

Sun  Spot  DisturbaAce* — ^A  disturbance 
of  the  earth's  magnetism,  such  as  a  "  mag- 
netic storm, "  attributed  to  the  occurrence 
of  spots  on  the  sun  in  an  unusual  degree. 

Sun  Spots. — Dark  areas  on  the  sun's  disc 
which  are  observed  to  vary  from  time  to 
time  in  size  and  number.  They  are  due  to 
the  falling  towards  the  center  of  the  cooler 
matter  from  the  higher  regions  of  the  sun's 
atmosphere. 

Sunstroke. — Any  affection  produced  by 
the  action  of  the  sun  on  some  part  of  the 
body,  especially  a  sudden  prostration  of 
the  physical  powers  with  symptoms  resem- 
bling those  of  apoplexy,  occasioned  by  ex- 
posiu'e  to  excessive  heat.  Treatment: 
Put  patient  in  cool  place*  apply  ice  water  and 
poimded  ice  in  cloths  to  the  nead,  back  of  neck 
and  spine.  ,In  case  more  of  exhaustion  than  of 
sunstroke,  give  stimulants  gradually  and  be  spar- 
ing  of  the  ice  and  cold  water." 

Sunstroke*  Electric— A  name  given  to 
the  effect,  resembling  sun  stroke,  sometimes 
experienced  by  i)ersons  too  long  exposed  to 
the  light  of  an  intense  electric  arc;  treat- 
ment for  this  is  same  as  for  sunstroke,  as 
given  above. 

Sun  Telegraph. — ^The  heliograph,  an  in- 
strument for  long  distance  signaling  by 
flashes  of  simlight  reflected  from  a  mirror. 
The  signals  are  read  from  the  distant 
station  by  means  of  a  telescope,  according 
to  a  prearranged  code. 

Sunwise. — In  the  direction  of  the  aim's 
apparent  motion,  or  from  the  east  to  the 
westward,  and  so  around  the  circle. 

Superficial  Eddy  Currents. — ^Eddy  cur- 
rents occurring  upon  the  surface  of  a  con- 
ducting body. 

Superficial  Mafl^etism. — ^Magnetism  in 
a  bar  of  iron  or  steel  confined  to  the  surface 
of  the  metal  only. 
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Superheated  Steam* — Steam  having  a 
temperature  higher  than  that  corresponding 
to  its  pressure;  also  called  surcharged  steam^ 
and  steam  gas. 

Superheater* — In  steam  engineering,  an 
arrangement  of  tubes  and  headers  placed  in 
a  boiler  to  impart  heat  to  the  steam  in  ad- 
dition to  that  which  it  already  holds  as 
saturated   steam,   and   thereby   giving  it 

Sower  to  do  more  work.  This  additional 
eat  is  imparted  after  the  steam  leaves  the 
dry  pipe  and  before  it  enters  the  steam 
chests. 

Superheating. — ^In  steam  engineering,  the 
practice  of  heating  steam  to  a  temperature 
above  that  due  to  its  pressure.  According 
to  Barms,  who  has  made  many  engine  and 
boiler  tests,  the  saving  in  feed  water  for 
engines  operating  with  superheated  steam 
is  about  one  per  oentw  for  every  eleven  degrees  of 
supeiiieat.  superheating  has  been  very  success- 
f  uUy  intioducea  in  steam  automobiles.  According 
to  testa  of  Prof.  Carpenter,  tiie  White  engine 
working  with  highly  superheated  steam*  operates 
on  less  than  eleven  pounds  of  water  per  hour  per 
brake  honepower,  a  performance  only  i^proaebed 
by  large  compound  condensing  Corliss  engines* 
and  quadruple  expansion  pumping  engines. 

Superimposed  Mapietism. — ^Additional 
magnetization  applied  in  order  to  increase 
the  magnetization  of  iron  or  steel  that  has 
already  been  superficially  magnetized. 

Super-saturation* — ^The  condition  of  a 
hquid  holding  in  solution  a  larger  quantity 
of  a  substance  than  it  can  normally  retain 
when  in  a  state  of  saturation. 

Supervising  Operators. — In  a  telephone 
exchange,  operators  of  exceptional  ability 
who  have  the  supervision  of  the  switch- 
board operators. 

Supplementary  Dynamo. — 1.  A  small 
auxiliary  dynamo  familiarly  known  as  the 
'^booster/*  employed  for  maintaining  the 
circuit  at  a  constant  value  at  some  point 
remote  from  the  main  generator,  especially 
for  raising  the  voltage  in  long  distance 
feeders. 

2.  In  storage  battery  practice,  a  dynamo  used 
to  regulate  the  charge  of  the  battery  by  raising 
the  voltage  of  the  bus  ban  to  the  necessai/ 
amount  for  charging.  The  field  of  the  booster  is 
reversible  so  that  the  battery  voltage  may  also  be 
raised  during  discharge  if  necessary. 

Supplement  of  Ansle. — ^The  difference 
between  a  given  angle  and  180^. 

Supp^  Mains. — ^In  a  system  of  electrical 
cnstnbution,  the  mains  which  convey  the 
current  from  the  central  station. 


Supply  Meter. — ^An  instrument  for  meas- 
unng  the  amount  of  electric  energy  de- 
livered to  a  consumer.  Supply  meters  are 
known  as  watt  hour  meters,  because  they 
indicate  the  number  of  watts  or  kilowatts 

used  during  a  certain  period  of  time. 
Watt  hour  meters  are  also  called  recording  or 
integrating  wcUlmelere  or  simplj*  electric  tnetere. 
There  are  two  principal  'types:  (a)  the  eUdrO' 
chemictU  which  measure  the  amount  of  electro- 
lytic action  performed  by  the  current,  and  (b) 
the  eleetromotor  in  which  a  small  motor  is  caused 
to  revolve  at  a  speed  proportional  to  the  late  at 
which  eneigy  is  passing  through  it. 

Supply  Unit« — ^The  unit  of  consumption  of 
electnc  energy.  It  is  known  as  vie  wjU 
how,  being  one  watt  expended  for  one 
hour.  A  larger  and  more  convenient  unit 
is  the  kilowatt  hour  which  is  equal  to  1000 
watts  or  one  kilowatt  expended  in  one 
hour.  The  kilowatt  hour  is  known  in 
Great  Britain  as  the  Board  of  Trade  Unit. 

Support  Plate. — ^In  a  storage  battery,  the 
grvi,  a  perforated  or  lattice  work  plate  in 
the  openings  of  which  the  active  material 
is  held.  Grids  are  made  in  a  very  great 
variety,  the  object  in  all  cases  is  to  secure- 
ly support  the  active  material  while  at  the 
same  time  exposing  a  large  surface  of  it 
to  the  action  of  the  electrolyte. 

Surcharged  WalL — In  civil  engineering, 
a  retainmg  wall,  holding  back  an  em- 
bankment of  earth  which  slopes  away  up- 
wards from  the  top  of  the  wall. 

Surljikce  Action. — An  action  confined  to 
the  surface  of  a  body. 

Surlkce  Carburetter. — A  device  for 
vaporizing  gasoline  for  the  fuel  charge  of 
an  internal  combustion  engine.  In  its  op- 
eration it  produces  a  fuel  mixture  by  pass- 
ing air  over  the  surface  of  a  body  of  liquid 
hydrocarbon,  or  circulating  it  around  a 
gauze  wicking  or  metal  surface  saturated 
with  such  a  liquid. 

Surfkice  Condensation. — In  steam  engi- 
neering, a  system  of  condensing  steam  by 
cold  metallic  surfaces,  in  distinction  to 
condensation  by  the  injection  of  cold 
water,  as  with  a  jet  condenser. 

Surface  Condenser. — An  apparatus  for 
condensing  steam,  especially  the  exhaust  of 
a  steam  engine,  by  bringing  it  into  contact 
with  metallic  surfaces  cooled  on  the  other 
side  by  water  or  air;  an  oblong  or  circular 
metal  box  fitted  with  horizontal  tubes;  at 
each  end  are  fixed  the  tube  plates,  Ksosrally  made 
of  brass*  and  the  tubes  pass  through  the  plates  as 
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wen  as  through  a  supportioc  plate  in  the  middle 
of  the  oondenaer.  l2ach  end  of  the  condeneer  is 
fitted  with  dooxs  for  the  purpose  of  enabling  the 
tube  ends  to  be  examined,  drawn,  or  packM.  as 
may  be  neoessaxy.  The  tube  ends  are  packed  in 
▼anous  ways,  and  the  tubes  are  made  of  brara, 
so  as  to  resist  the  action  of  the  water.  The  water 
is  generally  forced  through  the  tubes  by  the  dr- 
eulating  pump,  and  the  steam  is  condensed  by 
ooming  in  contact  with  the  external  surface  of  the 
tubes. 

Siirf»ee  Contact  ResistsAce* — ^The  re- 
sistance offered  at  the  contact  surface  be- 
tween the  metal  plates  and  the  solution  in 
a  primary  or  secondary  cell. 

Sarfkee  Contact  Syatonu — ^A  system  of 
electric  traction  employing  a  row  of  iron 
or  steel  studs  projecting  slightly  above  the 
roadway,  and  placed  midway  between  the 
rails  of  the  track  so  that  a  contact  skate 
carried  by  the  cars  shall  rub  upon  them  and 
thus  convey  current  to  the  motors. 

Snrfaco  Density. — ^The  (]uantity  of  elec- 
tricity per  unit  area  at  a  given  pomt  on  the 
surface  of  a  charged  body. 

Snrlkce  "WMnfg. — In  the  interior  electric 
wiring  of  buildings,  laying  the  wires  along 
the  outside  of  the  plaster  along  the  walls  or 
on  the  under  side  of  the  ceilings  without 
moldings,  as  dis^guiahed  from  concealed 
loiring. 

Surflikce  Wound  Armatnre. — ^An  arma- 
ture having  its  windings  arranged  over  the 
surface  of  the  core,  instead  of  sunk  in  chan- 
nels or  grooves  as  in  an  iron  clad  armature. 

Sur^e. — If  an  electric  circuit  be  suddenly 
closed,  a  wave  or  surge  rushes  along  the 
line.  At  the  further  end  it  rises  to  double 
the  original  voltage  and  is  reflected  back  to 
the  starting  point  where  it  is  again  reflected 
with  falling  pressure  until  the  energy  is 
dissipated  by  heat  or  leakage. 

Snrfl^cal  Lamp. — A  miniature  incandes- 
cent lamp  of  special  design  employed  in 
surgery  for  exploring  the  cavities  and  ex- 
amining the  organs  of  the  human  body. 

SxLTgjing* — When  two  alternators  are  work- 
ing in  parallel,  but  with  slight  variations 
in  speed,  a  condition  arises  which  is  known 
as  huntinQf  in  which  the  machines  alter- 
nately las  and  lead  with  respect  to  each 
other.  The  current  variations  due  to  this 
hunting  is  known  as  surging, 

Bxtrtfing  Cirenit. — ^An  electric  circuit 
which  is  undergoing  oscillations  due  to 
rapid  charging  and  discharging. 


Snrghkg  DlscliarM. — An  oseiUaionf  dis- 
charge. When  a  charged  condenser  is  dis- 
charged through  a  conductor  a  series  of 
extremely  rapid  oscillations  or  surgings 
take  place,  the  condenser  becoming  pos- 
itively and  negatively  charged  in  turn. 
An  alternating  current  thus  flows  in  the 
conductor  and  rapidly  dies  away  aa  the 
energy  of  the  condenser  is  dissipated. 

Surinam  EeL — ^The  common  name  for  the 
gymnotus  electricus,  a  South  American  eel 
possessing  animal  dectricUjf  in  the  highest 
degree  known.  The  electric  organ  extends  | 
the  whole  length  of  its  body  and  ia  capable 
of  giving  a  powerful  shock. 

SurTe^^or**  Chain. — ^A  measuring  appli« 
ance,  for  land  surveying,  made  in  differ- 
ent patterns,  as: 

1.  Gunter's  chain;  this  ia  4  rods,  22  yarda 
or  M  f eet  lone  =^th  mile.  It  consists  of 
100  links,  eacn  link  equaling  7.92  inches. 
Each  tenth  link  is  indicated  by  a  bnss  tag;  tiia« 
for  fifty  links  is  draular  and  rather  laige,  so  as  to 
be  readily  noticeable,  the  otheis  are  maiked  as 
follows  from  the  center:  40  and  00  Unka  four 
teeth  on  tac:  80  and  70  Unks,  thrra  teeth:  80  and 
80  links,  two  teeth;  10  and  90  links,  one  tooth  on 
tag.  There  are  usuidly  carried,  with  each  ^ain. 
ten  arrows  for  markiiw  positions  on  the  cround. 
each  arrow  being  a  pointed  wire  about  18  indies 
long,  with  a  piece  of  red  doth  tied  to  its  linc. 

2.  RamMen'B  chain  of  100  feet  k)Dg,  ea« 
bdng  one  foot  in  length. 

3.  Diottmetre  dunn  of  10  metres  kwc, 
link  being  one  d^dm^tre  or  3.93  inches.  In  most 
countrieu  using  the  metric  system,  a  diain  of 
twice  this  length  is  generally  empkq^*  having 
a  length  of  20  metres  or  66.617  feet  of  100  links, 
eadk  measuxing  7.874  inches. 

Saseeptainoe. — One  of  the  two  components 
attributed  to  the  property  admittance  (the 
reciprocal  of  impedance)  m  an  alternating 
current  circuit,  in  which  the  power  com- 
ponent is  called  the  conductance  and  the 
wattless  component  the  susceptancs, 

Snaeeptlbility. — Magnetic  susceptibility, 
the  ratio  of  tne  intensity  of  magnetisation 
in  a  magnetised  body  to  the  magnetizing 
force.  Its  symbol  ia  the  Greek  letter 
kappa  (m).  If  I  equals  the  intensitjr  of 
magnetisation  and  H  the  magnetizing 
force,  then  « 

Snspenaion  Ear. — ^A  trolley  ear;  a  deyioe 
for  suspending  an  overhead  trolley  wire. 
It  is  made  in  a  great  variety  of  forms,  but 
consists  essentially  of  a  casting  which  is 
supported  by  the  span  wire  or  bracket, 
and,  insulated  from  this  casting,  an  ear 
that  grips  or  is  soldered  to  the  trolky  wire.  A 
plain  ear  is  used  in  ordinary  work;  a  strain  ear 
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has  hifi  for  tension  wires;  a  /eeier  ear  is  provided 
with  a  special  lug  for  a  tistp  from  the  feeder;  and 
a  gpUcing  ear  acts  as  a  splice  where  the  trolley 
wire  oomes  to  an  end  at  a  hanfer. 

Suspension  of  Motor. — ^The  method  of 
supporting  a  motor  upon  the  truck  of  an 
electric  car.  There  are  three  well  known 
methods:  (a)  the  nose  suspension,  in  which 
the  back  of  the  motor  is  supported  by  the 
axle,  and  the  front  is  carried  oy  a  crossbar 
xestiiig  on  sprinn  supported  by  tibe  side  frames  of 
the  truck;  (b)  the  cradle  suspension,  in  which  *he 
motor  rests  in  a  eradle  which  is  supported  in  front 
by  a  cross  beam  jomed  to  the  side  frames  of  the 
truck,  and  at  the  oack  by  springs  which  bear  on 
the  arm  that  carries  the  axle  bearing:  and  (c) 
eide-bar  suspension  in  which  two  paraUel  spring- 
supported  side  bars  oarr/  the  weight  of  the  motor 
either  from  above  or  below. 

Suspension  Railway. — ^A  form  of  mono- 
rau  road,  in  which  the  cars  travel  under- 
neath the  track  upon  which  their  wheels 
run.  Such  forms  are  convenient  for  trans- 
porting material  within  an  area  where  it  is 
desirable  to  leave  the  floor  quite  clear,  the 
ear  being  usually  driven  by  an  electric  motor, 
which  is  controlled  by  an  attendant  sitting  in  the 
cage  suspended  from  the  trolley. 

Suspension  Wire. — A  wire  or  cable  usu- 
ally known  as  a  messenger  wire  from  which 
an  overhead  conductor  is  suspended  by 
means  of  cable  hangers  at  intervals  of  a 
few  feet,  so  that  the  tension  of  the  sag 
between  supports  shall  not  fall  upon  the 
conducting  cable  itself. 

Sustained  Current. — An  electric  current 
that  is  maintained  in  a  state  of  continued 
floWf  as  distinguished  from  a  current  of  only 
brief  duration. 

SwaM  Block. — ^A  form  of  anvil  pierced 
with  holes  of  different  shapes,  and  provided 
with  grooves  of  various  sizes,  for  shaping 
hot  metal  too  heavy  to  be  worked  with  a 
swage  on  a  regular  anvil. 

Swi^n^t  Electric. — The  use  of  a  swage 
in  imparting  shape  to  metal  which  has  been 
first  softened  by  electric  heat. 

Sweating. — ^A  term  sometimes  applied  to 
the  soldering  of  the  ends  of  electric  wires  or 
cables  in  making  a  joint. 

Sweep. — ^In  submarine  cable  operations,  a 
drag  made  along  the  sea  bottom  with  a 
grapnel. 

Sweeping  Out  Char^^. — ^The  clearing  of 
the  line  in  double  current  telegraphy  by 
reversing  the  direction  of  the  current  to 


remove  the  charge  after  one  signal  before 
sending  another. 

Swelling  Current. — ^In  electro-therapeu- 
tics, a  taradic  current  that  is  refieatedly  in- 
creased in  strength  to  its  maximum,  and 
then  reduced  to  zero  while  applied  to  a 
patient. 

S*  W.  G* — Abbreviation  for  etandard  wire 
gauge. 

Swimming  Rule. — ^A  rule  sus^ested  by 
AmpAre  tor  determining  the  curection  of 
lines  of  force  with  relation  to  that  of  the 
current  which  produces  them.  It  may  be 
stated  as  follows:  Suppose  a  man  swim- 
ming in  the  wire  with  the  current  and  that 
he  turns  so  as  to  face  a  magnetic  needle  placed 
near  the  wire,  then  the  north-seeking  pole  of  the 
needle  will  be  deflected  towards  his  Uft  hand. 

Swin^  Check. — ^In  hydraulics,  a  check  or 
non-return  valve  for  a  pump  delivery  pipe, 
having  a  swinging  flap,  hinged  on  one  edge 
and  closing  against  an  inclined  seat.  A 
dock  valve. 

Swinfl^n^  Cross. — In  overhead  lines,  an 
intermittent  contact  which  sometimes  re- 
sults from  the  swinging  of  a  line  wire 
against  another. 

Swin^ng^  Earth. — A  faulty  connection 
with  the  earth  sometimes  occasioned  in  an 
overhead  circuit  by  the  swinging  of  a  line 
wire  against  a  conductor  leading  to  the 
ground;  an  intermitlent  earth. 

Switch. — ^Any  device  by  means  of  which  an 
electric  circuit  may  be  opened  or  closed. 

Switch  Blade.— The  conducting  blade  of  a 
knife  switch  by  means  of  which  a  circuit  is 
closed. 

Switchboard. — 1.  A  panel  or  series  of 
panels  of  slate,  marble,  soapstone  or  brick 
tile  erected  in  an  electric  plant  for  the 
purpose  of  mounting  in  a  convenient  group 
the  instruments  for  controlling  and  distril>- 
uting  the  current  and  safeguarding  the 
nrstem.  Two  main  types  masr  be  distinguished; 
the  dired  control  switchboard  having  all  its  appa- 
ratus mounted  directly  on  the  board  and  con- 
trolled by  head,  and  the  remote  control  switchboard 
in  which  the  main  current  carrying  parts  are  at 
some  distance  from  the  operating  board,  the  con- 
trol being  effected  by  mechanical  devices  or  by 
electric  motora  or  solenoids.  When  the  control 
system  of  a  plant  is  very  extensive,  it  sometimes 
occupies  a  separate  building  known  as  the  twUeh 
house. 

2.  In  a  telephone  exchange,  a  group  of  sections 
including  the  apparatus  by  means  of  which  inter- 
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oommunication  between  lubscriben  is  effected. 
The  calling  and  answering  jacks,  the  plugs,  signal 
lamps,  cord  circuits,  relays,  etc.,  fonn  the  equip- 
ment of  a  telephone  switchboard.  In  the  larger 
exchanges,  a  mtUtiple  switchboard  is  used,  in 
which  each  operator  controls  a  certain  proportion 
of  the  subscribers  in  a  separate  section  of  answer- 
ing jacks,  while  every  subscriber's  line  has  a  mul- 
tiple jack  dm>licated  at  every  section. 

Switchboard  Arrester. — A  lightning 
arrester  provided  for  the  protection  of  a 
switchboard. 

Switchboard  Instrnments. — ^The  vari- 
ous instruments  and  meters  employed  in 
electric  switchboard  work.  They  include 
various  types  of  ammeters,  voltmeters  and 
wattmeters,  together  with  fre(}uency  and 
power  factor  meters  and  indicators,  the 
wattless  component  indicator,  synchro- 
scope, ground  detector,  synchronizer,  etc. 

Switchboard  Protector. — Any  lightning 
arrester  or  safetv  fuse  introduced  into  a 
circuit  at  a  switcnboard  for  the  purpose  of 
protecting  the  circuit  from  a  powerful 
discharge  or  excessive  current. 

Switchboard  Wattmeter. — ^A  wattmeter 
mounted  upon  a  switchboard  for  the  pur- 
pose of  determining  the  electrical  output 
through  a  circuit  connected  with  it. 

Switch  Box. — A  box  designed  to  hold 
switches  used  in  electrical  circuits. 

Switched  In. — Joined  into  an  electric  cir- 
cuit by  the  action  of  a  switch. 

Switched  Out. — Cut  out  of  an  electric  cir- 
cuit by  the  action  of  a  switch. 

Switch  Fin^rs. — In  a  trolley  car  control- 
ler, the  spring  contacts  which  are  fixed 
parallel  to  the  cylinder,  so  that,  as  the 
cylinder  is  revolved,  they  make  contact 
with  the  segments  on  the  cylinder. 

Switch  Hole. — In  a  plug  switch,  the  hole 
into  which  the  plug  is  introduced. 

Switch  Hook. — In  a  telephone  set,  a  de- 
vice for  altemateiv  connecting  the  talking 
apparatus  and  toe  signaling  apparatus 
with  the  line.  The  action  is  automatically 
made  by  using  it  to  hold  the  weight  of  the 
receiver.  When  the  receiver  is  lifted  off, 
the  hook  rises  and  the  circuit  through  the  talking 
apparatus  is  closed  to  line  and  that  through  the 
bell  and  generator  opened.  When  the  receiver  is 
hung  up.  the  hook  falls  and  opens  the  talking  cir- 
cuit, making  connection  again  between  th«  Une 
and  the  ringer. 


Switch  House. — In  large  electric  ^vstems 
which  require  a  numerous  and  complicated 
equipment  of  controlling  and  distributing 
apparatus,  a  separate  bmlding  for  housing 
the  switcnboanis  and  devoted  solely  to 
switchboard  work. 
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pinccninff  uynamo  into  ana  ont  oz 
Paralld. — In  order  to  put  an  additional 
I  dynamo  into  parallel  with  those  already 
'  working,  it  is  necessary  to  run  the  new 
dynamo  up  to  full  speed,  and,  where  it 
excites,  regulate  the  pressure  by  means  of 
a  hand  regulator  until  the  voltmeter  connected  to 
the  terminals  of  the  machines  roisters  one  or  two 
volts  more  than  the  voltmeter  connected  to  the 
lamp  circuit,  and  then  close  the  switch.  The 
load  upon  the  machine  can  then  be  adjusted  to 
correspond  with  ^at  upon  the  other  machines  by 
means  of  the  hand  regulator.  In  this  class  at 
machine  there  is  little  or  no  danger  of  overioading 
an  armature  when  connecting  it  to  the  bua  ban 
and  therefore  the  pressure  need  not  be  adjusted 
with  very  great  accuracy;  in  fact,  it  is  common 
practice  m  central  stations  to  judge  of  the  voltage 
of  the  new  dynamo  merely  by  the  appeaianoe  of 
its  pilot  lamp. 

When  shutting  down  a  machine,  the  losul  or 
current  must  first  be  reduced,  by  gradually  elosing 
the  stop  valve  of  the  engine,  or  inserting  reustanoe 
into  tne  shunt  circuit  by  means  oTthe  hand 
regulator;  then  when  the  ammeter  indicates  nine 
or  ten  amperes  the  main  switch  is  opened,  and 
the  engine  stopped.  By  following  this  plan,  the 
heavy  sparking  at  the  switch  contacts  is  avoided, 
and  the  tendency  for  the  engine  to  race  reduced. 
Great  care,  however,  has  to  be  taken  that  the 
current  is  not  reduced  too  far,  or  otherwise  there 
is  a  risk  of  the  machine  being  stopped,  receiving 
a  back  current  from  the  other  dynamos,  resulting 
in  heavy  sparking  at  the  oommmutator.  and  in 
the  machine  being  driven  as  a  motor.  To  obviate 
this  danger,  and  to  render  these  precautions 
needless,  shunt  dynamos  when  running  in  parallel 
are  frequently  provided  with  automatic  cutouts, 
set  so  as  to  automatically  switch  out  the  machine 
when  the  current  falls  below  a  certain  mminwim 
value. 

Switch  Jack. — ^A  term  sometimes  uaed^  for 
spring  jack,  a  switch  socket  employed  in  a 
telephone  switchboard  for  the  purpose  of 
admitting  a  conducting  plug  attached  to  a 
flexible  cord  by  means  of  which  connections 
are  made  with  terminals  contained  in  the 
jack. 


Switch  Pin. — In  a  plug  switch,  the  plu^  or 
pin  which  is  introduced  into  the  switch 
nole. 

Switch  Spring.— A  spring  in  the  media- 
nism  of  a  switch. 

Syenite.— A  rock  having  a  structure  mucn 
resembling  granite,  but  containing  no  free 
quartz.  The  stone  is  hard  and  durable,  of 
a  fine  grain  and  light  gray  color.  The  name 
is  derived  from  Syene  in  upper  Egypt, 
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where  rock  was  quarried  to  build  the  vast 
monuments  of  the  ancient  Egyptians. 

Symaietrical  Alternating^  Current. — 

An   alternating   current   having   uniform 
frequencies  of  unvarying  values. 

Symmetrical  Induction  of  Armature. 

—Magnetic  induction  that  is  symmetrically 
disposed  throughout  an  armature. 

Symmetrical  Magnetic  Field. — ^A  mag- 
netic field  through  which  magnetic  flux  is 
uniformly  distributed. 

Sympathetic  Vibrations.  —  Vibrations 
produced  in  a  medium  by  vibrations  of 
precisely  the  same  period  occurring  in  a 
neighboring  medium  or  body;  as  when  a 
resonator  tranjsmits  -electric  waves  through 
the  universal  ether  in  wireless  telegraphy. 

Synchronism. — ^A  relation  existing  be- 
tween two  or  more  alternators  such  that  the 
pressure  waves  generated  by  them  are  of 
equal  period  and  corresponding  phase,  so 
that  it  is  possible  to  successfully  combine 
their  output. 

Synchronise. — ^To  bring  two  or  more  alter- 
nators into  such  relation  to  each  other  that 
their  pressure  waves  shall  be  of  equal 
period  and  corresponding  phase. 

Synchronlser.---A  device  for  indicating 
when  alternating  current  machines  are 
running  in  phase  with  each  other.  The 
simplest  form  is  the  connection  of  incandes- 
cent lamps  across  a  switch  in  the  circuit, 
when  the  machines  are  in  phase  the  lamps 
will  not  light  up.  ^  Another  form  is  the  synchron- 
ising transformer  joined  to  a  synchronizing  lamp. 
When  the  machines  are  in  step  the  lamp  is 
lighted.  In  place  of  the  lamp  a  dead  beat 
voltmeter  is  sometimes  used.  An  instrument 
called  the  aynehroscope  is  used  in  recent  practice 
with  large  generatoxs. 

Synchronising^. — Regulating  the  operation 
of  two  alternating  current  machines,  con- 
nected in  parallel,  so  that  they  shall  be 
identical  and  simultaneous  both  in  fre- 
quency and  phase. 

Synchronising^  Transformer. — An  ar- 
rangement for  indicating  when  two  alter- 
nating current  machines  are  operating  to- 
gether in  i^hase.  It  consists  of  a  trans- 
former having  a  double  primary  winding 
and  a  single  secondary  across  which  is 
joined  the  synchronizing  lamp.  When  the 
machines  are  in  step  the  lamp  is  lighted. 


Syiichronous* — Simultaneous;  to  agree  in 
time;  motion  of  machinery  arranged  to 
correspond  in  time. 

Synchronous  ConTorter. — ^A  rotary  con- 
verter) a  machine  employing  mechanical 
rotation  for  converting  from  an  alternating 
to  a  direct  current  or  vice  versa.  When 
used  for  changing  from  direct  to  alternating 
it  is  called  an  '' inverted"  converter.  The 
synchronous  converter  is  a  synchronous 
motor  and  a  direct  current  generator  com- 
bined as  a  single  machine. 

Syiichronous  DHto. — In  gas  engine  igni- 
tion, a  high  tension  magneto  must  be 
driven  "synchronously,**  which  is  to  say, 
at  a  speed  in  ratio  to  that  of  the  engine, 
generally  at  one  half  engine  speed  for  a 
four-cyhnder  engine,  in  order  that  the 
spark  may  always  occur  at  precisely  the  proper 
point  in  tne  rotation  of  the  annature.  The  dnve 
may  be  by  toothed  wheel  gear  or  chain  and 
sprocket.  The  friction  gear  drive  or  belt  and 
pulley  are  alike  objectionable*  from  the  fact  that 
no  Slipping  or  variation  is  permissible.  While 
some  recent  forms  of  high  tension  magneto 
operate  asynchronously,  the  common  types  are  so 
made  that  the  spark  shall  occur  in  the  first 
cylinder  at  precisely  the  moment  the  magneto 
armature  is  at  a  certain  point  in  its  rotation.  If, 
therefore,  this  condition  be  not  strictly  observed, 
the  spark  will  be  of  defective  intensi^i  and  the 
control  of  the  engine  complicated. 

Synchronous  I>ynamo.y-An  alternating 
current  d^amo  running  in  step,  and  with 
equal  period,  with  another  alternator. 

Synchronous  Motor.  —  An  alternating 
current  motor  which  has  been  brought  up 
to  synchronous  speed  and  into  step  before 
being  joined  into  circuit;  it  is  practically 
an  oidmary  alternator  run  as  a  motor. 

Synchronous  Multiplex  ^eleffraphr'. 

— A  system  of  telegraphy  in  which  the 
instruments  at  each  end  of  the  line  are 
caused  to  act  in  synchronism,  so  that  it  is 
possible  to  transmit  four  or  more  messages 
at  practically  the  same  time  over  the  same 
wire. 

Synchronous    Polyphase    Motor.  —  A 

poljrphase  motor  running  with  period  and 
phase  equal  to  that  of  the  generator  driv- 
mg  it. 

Synchronous  Running^. — ^The  operation 
of  two  alternators  connected  in  parallel  so 
that  they  shall  deliver  current  of  the  same 
frequency  and  the  same  phase. 

Synchronous  Speed. — ^The  speed  of  a 
machine  running  at  a  rate  corresponding 


Synchronous  Vibrai^ona. 
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with  that   of  other  machines  connected 
with  it. 

SjmclironouB  Vibrations.  —  Vibrations 
which  correspond  exactly  in  period  and 
phase. 

SynchroBGope. — ^An  instrument  employed 
to  indicate  when  two  or  more  alternators  or 
motors  are  running  in  synchronism.  It 
is  in  reality  a  special  form  of  power  factor 
indicator  with  a  pointer  free  to  rotate,  and 
with  no  scale  on  tne  dial  since  only  the  point 
of  synchronism  is  reauired.  Whai*^the  pointer 
beoomeB  stationary  and  assumes  the  zero  position, 
the  main  switch  comiecting  the  machines  may  be 
closed.    Also  called  a  synchronizer, 

Ssmthesis. — ^The  process  of  uniting  ele- 
ments to  form  a  compoimdi  as  opposed  to 
analysis, 

Syntony. — ^In  wireless  telegraphy,  the  ad- 
justing of  the  receiving  apparatus  of  one 
station  to  the  sending  apparatus  of  another, 
so  that  when  from  a  sending  station  waves 
of  one  frequency  are  radiated,  the  detector 
at  another  station  shall  respond  only  to  the 
waves  from  that  transmitter  without  interference 


from  waves  of  other  frequencies.  This  is 
done  by  making  the  oscillation  constant  of  the 
receiving  circuit  the  same  as  that  of  the  sending 
circuits.  Producing  syntony  between  two  orcuits 
is  also  called  "timing. ' 

Syphon. — A  bent  pipe  or  tube  with  legs  of 
unequal  length,  used  for  drawing  liquid 
out  of  a  vessel  by  causing  it  to  rise  within 
the  tube,  over  the  rim  or  top.  The  shorter 
leg  is  inserted  in  the  vessel  and  the  air 
exhausted  from  the  longer  leg,  when  the 

Sressure  of  the  atmosphere  causes  the  liquid  to 
11  the  tube  and  run  out  of  the  lower  end.  This 
flow  depends  upon  the  diffexenoe  in  vertical 
height  of  the  two  columns  of  liquid,  measured 
downwards  from  the  bend,  and  ceases  when  they 
become  of  eaual  height  or  vrhea.  the  level  in  the 
vessel  has  fallen  to  uie  bottom  of  the  ahorter  leg. 

Syringe. — ^An  instnmient  for  forcing  liquids, 
consisting  of  a  tightly  fitting  piston  working 
within  a  cylinder,  one  end  of  which  is  closed 
with  a  perforated  cone,  whose  dimensions 
are  suitable  to  the  purpose  of  the  s3rTinge. 
On  placing  the  cone  in  the  water  and  lift- 
ing the  piston,  the  atmospheric  pressure  drives 
the  liquid  into  the  cylinder;  on  pressing  the 
piston  back  the  water  is  forced  out  in  a  3et 
through  the  orifice.  The  cone  msy  be  replaced 
by  a  perforated  plate*  which  aprays  the  liquid 
over  a  large  area. 


Tangent  OtUvanomtter. 


U — AbbreriatioD  for  (un«. 

Table  Ptwb. — ^A  push  button 
fitted  to  c  table  for  rin^nc 
a  call  bell,  or  other  sinular 
purpose;  adttkptuh, 

T«,blat  Clxeflk.— In  a  telegraph  ofBoe,  a 
syitem  of  recording  and  chedung  off  mea- 
MKes  Bent  and  received,  upon  a  nuitablf 
tabulated  form. 

—A  mechanical  de- 

Btat"    " 

reports,  eto.  The  varioua  items  with  re- 
gud  to  each  person  are  transcribed  from  a 
written  report  to  a  special  card,  being  in- 
dicated on  the  latter  by  holes  punched  in 

datermbiei]  posHloiu.  The  Duodied  eardi  *n 
taken  to  a  SMoad  muhhie,  wUoh  hu  On  number 
of  pluii(«n  coirapaiuliDa  to  soy  posibk  hots: 
the  proper  plim^im  pais  ihrouih  the  boln  in  ttiB 
guxT  mnd  make  tiadrical  eotiiatt  with  x  — ^'— ' — 


TaekanaetaF. — 1.  In  hydraulics,  a  device 
to  show  the  swiftness  of  a  current  by  its 
effect  upon  a  submerged  paddle  or  paddle 
wheel;  a  current  meter  having  a  rotating 
screw  for  driving  clockwork,  indicating  the 
speed  in  miles  per  hour. 

3.  Ad  IniUoator.  to  diow  at  a  slaoee  ths  Bpaed 

lana  in  the 
marmiri'  in 


T«llr»o«. — In  hydraulics,  the  channel  by 
which  water  runs  away  after  driving  a 
mill  wheel  or  turbins. 


(rfajMTtial 
neotion  witL  an  oscillator  to  determine 
whether  electric  waves  are  being  properly 
projected  or  not. 

Tale. — ^A  soft  litieate  of  magnesia,  also 
called  "soapstone."  It  is  easily  spht  into 
thin  plates,  but  differs  from  mica  in  not 


TalklBff   I 
ouitoltt 


Clrenlt.— The  cii^ 

/the  telephone  talking 

apparatus  as  distinguished  from  that  of 
the  call  bell,  or  calling  circuit. 

Tallow.— A  substance  composed  of  the 
harder  and  less  fusible  fats,  obtained  bv 
rendering  beef  or  mutton  fat,  as  also  al- 
most any  of  the  animal  fats,  and  of  certain 


most  any  ol 
vegetable  fi 


a  used  in  mudiiniat'ii  work  for  floatiD|[ 
— k  to  prsvenC  cx>rroslon.  In  lubrication, 
uU  not  bo  lusd  unlna  of  the  veiy  beat 


Thick  corrode  tlie  in 


ID  the  piiton  oylioderi . 


Talna  WalL — In  masonry,  a  wall  inclined 
on  its  face,  either  by  decreasing  ita  thick- 
ness toward  the  summit  or  by  leaning  it 
against  a  bank,  as  a  retaining  or  brea*t  imiU. 

Tunplnif  Bar, — In  pole  line  construction, 
a  bar,  sometimes  of  iron,  but  usually  of 
wood,  with  a  broad  base  shod  with  vroa, 
for  the  purpose  d  beating  down  the  earth 
about  the  base  of  a  pole  immediately  after 
its  erection. 

TandAoa    Eng^«. — A    compound    steam 


Tanc«nt  and  Sine  Oalvanoaieter. — A 

compound  form  ol  galvanometer  having 
a  small  needle  for  measurements  by  the 
tangent   method,   and  a  large  needle  for 


rangent    Oalvsuioiiieier. — A   form    of 

galvanometer  consisting  of  a  circular  coil 
or  ring,  at  the  centw  of  which  is  supported 
a  small  magnetic  needle  wboee  length  does 
not  exceed  ooe-twelfth  of  the  diameter  of 
the  circle:  a  current  flowing  through  the 

eoil  will  doBeet  the  needle  to  luch  s  dearea  that 
thetancent  or  tfaeani1eofdefl(     ' 
portioul  to  the  etrenstb  of  the 


u  viDb< 


Tangential  Brush, 
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Tan^ntial  Bmslu — A  commutator  brush 
that  bears  upon  the  surface  of  the  com- 
mutator in  the  relation  of  a  tangent  to  a 
circle.  They  are  generally  made  of  copper 
and  used  on  generators  employed  for 
lighting  purposes. 

Tan^nt  Scale. — ^The  circular  scale  of  a 
tangent  galvanometer  graduated  into  values 
of  the  tangents  instead  of  into  equal  de- 
grees of  arc,  in  order  to  obviate  the  neces- 
sity of  referring  to  a  table  of  figures  in 
making  computations. 

Tank  Heater,  Electric. — ^An  arrange- 
ment for  heating  liquids,  consisting  of  an 
electric  resistance  coil  introduced  into  the 
tank  which  holds  the  liquid. 

Tanning. — ^The  process  of  impregnating  the 
hides  of  animals  with  a  solution  of  tannic 
acid,  converting  their  gelatinous  substance 
into  a  material  that  will  not  putrefy,  and 
which  may  be  either  firm  and  hard  or  else 
soft  and  supple,  according  to  the  method 
employed. 

Tanning*  Electric. — ^Tanning  hides  in  the 
preparation  of  leather  by  a  process  of 
electrolysis  in  which  electric  currents  are 
caused  to  pass  through  the  tanning  liquor 
in  the  vats. 

Tantalum.  —  A  rare  metal,  resembling 
platiniun  in  color,  with  a  specific  gravity  of 
16.5,  and  a  melting  point  about  4100° 
Fahr.  It  is  malleable,  ductile  and  very 
tenacious.  When  repeatedly  heated  and 
flattened  to  a  plate,  under  a  steam  hammer, 
it  becomes  so  hard  that  a  diain<5nd  will  not  bore 
it.  It  offers  very  little  resistance  to  the  electric 
current,  and  so,  m  view  of  its  high  melting  point, 
it  is  used  as  a  filament  in  incandescent  lamps. 

Tantalum  Lamp. — ^A  form  of  incandes- 
cent lamp  having  a  filament  composed  of 
the  metal  tantalum.  The  bulb  contains  a 
central  glass  rod  bearing  two  supporting 
rims  from  which  radiate  arms  of  nickel 
wire  having  hooks  at  the  end  over  which 
the   tantulum  filament  is  suspended.     As  oom- 

{>ared  with  the  carbon  fil.iment  lamp,  the  tanta- 
um  lamp  will  take  much  greater  current  at  start- 
ing, will  reach  incandescence  more  quick^  and 
will  be  much  less  sensitive  to  voltage  variation,  at 
the  same  time  nonsuming  less  watts  with  greater 
candlepower. 

Tap. — 1.  Any  short  branch  conductor  lead- 
ing ofT  from  a  larger  conductor  or  main. 

2.  In  quadruplex  telegraphy  the  point 
where  the  tap  wire  divides  tne  battery  into 
the  '*  long  "  «nd  and  '  short "  end. 


Taped  Wire. — A  wire,  or  conductor,  wrap- 
ped with  insulating  tape. 

Tape*  Insulatina^. — An  adhesive  Insulat- 
ing material  made  by  saturating  cotton 
tape  with  a  mixture  of  30  parts  ccal  tar 
and  40  parts  resin.  It  is  used  for  winding 
joints  or  electric  conductors. 

Tapered  Mains. — In  the  ''tree"  system  of 
incandescent  electric  lighting,  mains  which 
gradually  diminish  in  size  towards  the  ex- 
tremities of  the  system. 

Tapers. — Conductors  which  graduallv  di- 
minish in  diameter  for  splicing  cables  of 
different  types. 

Taping. — ^Applying  a  wrapping  of  insulate 
ing  tape  to  a  conductor  or  cable. 

Tapper. — In  single  needle  telegraphy,  a 
double  form  of  transmitting  key,  consisting 
essentially  of  two  flat  springs  between  two 
contact  bars;  a  pedal  key. 

Tapper  Bell. — ^A  variety  of  electric  bcU 
wnich  rings  a  single  stroke  with  each  de- 
pression of  the  signaling  key. 

Tapper  Si£r>ubl. — ^A  signal  transmitted  by 
means  of  a  tapper  bell. 

Tappet  VaWe. — 1.  A  disc  or  mushroom 
valve  operated  by  some  device  with  which 
it  is  not  positively  connected;  as,  a  cam  or 
trip  lever.  The  valves  of  an  internal  com- 
bustion engine  are  generally  of  this  type. 

2.  A  valve  moved  on  its  seat  by  means 
of  a  tap  or  blow  from  some  other  part  of  the 
mechanism.  The  slide  valves  of  a  single  cytinder 
steam  pump  are  usually  of  this  description. 

Tapping^  a  Circuit. — Inserting  a  branch 
into  a  telegraph  or  telephone  hne  for  the 
purpose  of  appropriating  information  by 
listening  to  messages  passing  over  the  lice. 

Tap  Wire. — 1.  In  a  trolley  system,  a  con- 
ductor for  connecting  the  feeders  with  the 
trolley  wires. 

2.  In  quadruplex  telegraphv,  a  wire  u.sed 
to  tap  tne  batterv  and  di\dae  it  into  the 
"long"  end  and  the  "short"  end. 

Tar. — 1.  A  very  dark,  oily  liquid  obtained 
in  the  process  of  distillation  ot  various  sub- 
stances; that  resulting  from  the  distillation 
of  resinous  woods,  which  is  used  as  a  pe.int, 
a  preservative  of  cordage,  etc.;  the  produci 
derived  from  gas  manufacture,  coke  ovens, 
or  other  distillation  of  coal. 


Target,  Electric, 
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2  The  residuum  of  petroleum  left  after  the 
keroeenes  or  iUuminating  oils  have  been  dntilled 
off:  the  extent  or  nature  of  the  residue  depends 
upon  the  locality  or  the  refined  product  demanded. 

Tararet*  Electric. — A  target  provided 
with  an  electrical  arrangement  for  indicat- 
ing upon  an  annunciator  the  result  of  each 
shot. 

Tar  Varnish* — In  hydraulics,  a  protective 
coating  used  for  pipes  and  structures 
which  are  laid  under  water.  It  is  variously 
made,  but  is  composed  essentially  of  the 
bituminous  products  of  coal  mixed  with 
mineral  oils.  One  method  is  to  mix  30 
gallons  of  tar  (ooal)  fresh  with  all  its  nwphtha 
retained,  6  lbs.  of  tallow,  H  lbs.  of  resin,  3  lbs.  of 
lamp  black,  30  lbs.  of  fresh  slaked  lime*  finely 
nfted;  mix  and  immediately  apply  hot. 

Tasimeter. — An  instrument  for  indicating 
slight  changes  in  temperature,  by  the 
decreased  electrical  resistance  of  a  soft 
carbon  button  under  increased  pressure. 

Teak. — ^In  .timber,  there  are  two  woods 
thus  designated,  the  one  the  African  oak, 
the  other  the  Moulmein  or  Indian,  the 
latter  the  true  teak.  It  is  of  a  greasy 
nature  and  therefore  does  not  corrode  iron 
in  contact  with  it.  It  contains  siliceous 
matter  which  dulls  the  edge  of  cutting  tools. 
It  is  of  a  light  brown  color,  shrinks  little,  is  dur- 
able, straight  and  rather  open  grained,  stands 
heat  well,  and  is  not  attacked  oy  insects.  A  cubic 
foot  weii^  40  poimds. 

Teaser. — ^In  a  compound  wound  dynamo, 
a  coil  of  fine  wire  wound  upon  the  field 
magnets  in  addition  to,  and  in  shunt  with, 
the  field  magnet  series  coil;  or,  a  few  turns 
of  thick  wire  in  series  with  the  shimt  wind- 
ing of  the  field  magnets. 

Teaser  Winding. — A  second  and  smaller 
coil  applied  to  the  armature  of  a  mono- 
cvclic  alternator,  connecting  the  center  of 
the  main  coil  with  the  collector  ring. 

Tee  Boac — In  imderground  cable  construc- 
tion, a  junction  box  resembling  the  letter 
T,  for  connecting  a  branch  at  right  angles 
with  a  main. 

Tee  Connector. — ^A  connector  shaped  like 
the  letter  T  for  connecting  a  wire  at  right 
angles  with  another;  a  T  connector. 

Teeth  of  Armature. — ^In  a  slotted  arma- 
ture, projections  upon  the  surface  between 
j      which  the  coils  are  laid  on. 
I  


Tel-auto 


— A    telegraphic    message 


Bi-autoffram. — A    teiegrapnic 
recordeaby  a  telautograph. 

Telautograph. — ^A  writing  or  copsnng 
telegrapn  for  reproducing  writing  or  draw- 
ings at  a  distance,  by  means  of  a  receiving 
pen,  which,  directed  by  a  complex  mechan- 
ism, controlled  by  electric  currents,  follows 
the  motions  of  a  transmitting  pen  operated 
at  the  station  of  the  sender.  This  is  an 
invention  of  Elisha  Gray,  of  Highland 
Park,  lU. 

Tele-anemo^aph. — ^An  anemograi>h  hav- 
ing its  electric  recording  apparatus  situated 
at  a  considerable  distance  from  the  ane- 
mometer. 

Tele-baroj^raph. — ^An  instrument  for  re- 
cording the  cfieuiges  of  a  barometer  which 
is  situated  at  a  considerable  distance  from 
the  recording  apparatus. 

Tele-barometer. — A  barometer  which 
electrically  registers  its  indications  by 
means  of  a  tele-barograph  at  some  distance 
from  it. 

Teleftinken  System  of  Radio-teleff- 
raphy. — ^A  system  of  wireless  telegraphy 
based  upon  the  patents  of  German  experi- 
menters. An  arrangement  of  wires  similar 
to  that  designed  by  Marconi  forms  the 
aerial,  and  the  earth  connection  is  given  by 
a  large  c»apacity  as  in  the  Lodge-Muirhead 
system.  Toe  coherer  and  reoeiviDg  circuits  re- 
semble those  of  MaroonL  The  system  has  been 
promoted  by  the  official  recognition  and  influence 
of  the  German  Government. 

Telegram. — A  message  sent  or  received  by 
telegraph. 

TelBgr^plu — 1.  A  system  of  communicat- 
ing to  distant  points  by  a  series  of  elec- 
trically transmitted  signals. 

2.  To  send  a  message  by  telegraph. 

3.  In  navigation,  an  apparatus  for  trans- 
mitting orders  from  a  snip's  bridge  to  the 
engine  room,  poop,  forecastle  head  or  elsewhere. 
A  seriee  of  endless  ehaina  passing  over  pulleys  in 
the  machines  at  either  place,  cause  the  pointer  on 
oae  dial  to  assume  a  position  oorrespondiAg  to 
that  on  the  dial  whence  the  signal  has  been  trans- 
mitted; a  gong  calls  attention  to  the  movement 
of  the  telegrapn  pointer.  For  small  craft,  torpedo 
boats,  etc.,  the  endless  chains  are  replaoea  by 
ivbular  rod9  rotated  by  sector  gearing. 


Telegraph  Alarm. — In  needle  telegraphy, 
a  bell  to  call  the  operator's  attention  to  the 
ddSections  of  the  needle  upon  the  diaL 


6 


Telegraph  Arm  or  Cross  Arm. — ^A  bar, 
usually  of  wood,  attached  horizontally  to  a 


Telegraph  Bracket. 
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Telegraph  Line  FavlU. 


pole  to  serve  as  a  support  for  the  insulators 
carrying  overhead  electric  wires. 

Teleifr»ph  Bracket. — In  overhead  line 
construction,  a  bracket  carrying  an  in- 
sulator for  tne  support  of  a  telegraph  wire. 

Telesraph  Cirenit. — ^The  electric  circuit 
employeid  in  a  telegraph  system,  consisting 
in  its  simplest  form,  of  the  battery,  the 
line  wire,  the  ground,  and  the  necessary 
instruments. 

Telegraph  DiaL — In  needle  telegraphy, 
the  dial  upon  which  the  needle  or  pomter 
indicates  tne  signals. 

Tklegrmph,  Dynamo. — ^A  dynamo  for  the 
purpose  of  generating  the  electric  currents 
employed  in  telegraphy. 

Tele§frapher. — ^A  telegraph  operator. 

Tele§frapher'B  Cramp. — ^A  painful  con- 
d[ition  of  a  telegraph  operator's  nand,  some- 
times brought  on  oy  mcessant  constrained 
use  of  the  same  muscles  in  manipulating 
the  key. 

Telegraph  Fixtnres. — ^In  overhead  line 
construction,  the  lesser  appliances  em- 
ployed in  supporting  telegraph  wires. 

Tele|p!*apliiG  Clock. — ^The  standard  clock 
which  controls  the  movement  in  dependent 
clocks  in  a  system  of  electric  timekeeping; 
the  primary,  or  controlling  clock;  a  master 
dock. 

Telegraphic  Box  Sounder. — ^A  form  of 
tele^apnic  relay  for  use  in  special  cases, 
havmg  a  wooden  box  set  over  the  coils  in 
order  to  reinforce  the  sound  of  the  signals 
so  that  they  may  be  clearly  audible;  a 
box  relay. 

Telegraphic  Codes. — Cipher  systems, 
used  in  telegraphy  for  the  sake  of  economy 
and  secrecy.  No  cipher  word  may  exceed 
ten  letters,  nor  may  it  be  a  nonsensical 
or  made  up  word,  but  one  taken  from  civi- 
lized languages.  Codes  may  be  arbitrary 
or  selective.  ^  In  the  former  cafle*  one  word 
means  a  definite  phrase  or  term,  acoordinft  to  the 
vocabulary  of  the  parties  interested.  With  the 
latter,  each  word  is  regarded  as  a  numeral  of  six 
to  ten  figures;  each  two  figures  represent  a  definite 
idea  according  to  their  position,  the  combinations 
being  apparently  numberless,  yet  easily  translat- 
able with  the  proper  key.  As  an  example,  a 
message  containing  144  code  words,  when  trans- 
lated, occupied  75  foolscap  pages  of  typewritten 
matter. 


Telepaphic  Earth  Circnit.^A  tele- 
graphic circuit  completing  its  return 
through  the  ground;  a  ground  circwU. 

Telegraphic  Interruption. — ^An  inter- 
ruption m  telegraph  or  cable  service  due  to 
accident  or  fault  m  the  line. 

Telegraphic  Photoi^raphgr* — A  system 
of  reproducing  a  photographic  representa- 
tion at  a  distant  point  by  telegrapny. 

Telegraphic  Splice. — A  sleeve  soldered 
over  the  joint  between  two  cable  lengths. 

Telegraphing. — The  act  of  despatching  a 
telegram. 

Tele§fraph  Insulator. — ^A  contrivance, 
usually  of  glass  or  porcelain,  for  supporting 
telegraph  wires  and  preventing  escape  of 
current. 

Telec^raph  Interrupter. — ^A  telegraphic 
key  for  making  and  breaking  the  circwt. 

Telegraph  Joint. — ^Uniting  the  ends  of 
two  lengths  of  telegraphic  wire  by  such 
methods  of  intertwisting,  soldering,  etc., 
as  will  secure  uninterrupted  conducting 
properties. 

Telegraph  Key. — The  instnunent  in 
telegrapny  whicn  opens  and  closes  the 
circuit  m  sending  currents  over  the  line  for 
the  transmission  of  signals:  it  consists 
essentiallv  of  a  pivoted  metal  lever  with  a 
hard  rubber  finger  tip  by  which  it  may  be 
readily  moved  within  limits,  fixed  bsr  a  spring 
adjusted  by  a  set  screw:  the  depression  of  the 
lever  closes  tJie  circuit  through  the  line  and  the 
release  opens  the  circuit  automaticaUy  by  the 
action  of  the  spring. 

Telegraph  Line. — ^The  circuit  of  conduct- 
ing wires  comprised  in  a  telegraph  system. 

Telegraph  Line  Faults. — ^May  occur  in 
telegraph  lines  from  several  causes:  either 
from  the  breakage  of  the  wires  or  conduc- 
tors, or  from  the  oreakage  of  the  insulators, 
therebv  short-circuiting^  the  current 
through  the  earth  before  it  reaches  the 

distant  station,  or,  as  in  overhead  wires,  by  two 
conducting  wires  touching  each  other.  Various 
methods  for  testing  the  existence  and  poeition  of 
faults  are  known  to  ti^egraph  engineers;  they 
depend  upon  accurate  measurements  of  resistance 
or  of  capacitor.  Thus,  if  a  telesraph  cable  parts  in 
mid-ocean  it  is  possible  to  cauBuiata  the  distance 
from  the  shore  end  to  the  broken  end  by 
comparing  the  resistance  that  the  cable  is  known 
to  offer  per  mile  with  the  resistance  offered  by 
the  length  up  to  the  fault,  and  dividing  the  latter 
by  the  former. 
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Telegraph  Line  AdJnster. — An  appa- 
ratus for  overcoming  tne  effects  of  escapes 
or  grounds  due  to  lack  of  proper  adjust- 
ments on  the  part  of  telegraph  operators  at 
way  stations  on  the  line.    - 

Tele^aph  Loop. — 1.  A  continuous  wire 
extending  from  a  main  office  to  a  branch 
office  and  return. 

2.  In  duplex  or  quadruplex  telegraphy 
the  two  short  wires  used  to  connect  a 
station  with  a  branch  office. 

Teleg^raph  Needle. — ^A  small  pointer  em- 
ployed with  the  needle  system  ot  telegraphy 
to  mdicate  upon  a  dial  by  left  and  right 
deflections  the  signals  of  the  code. 

Tele^^i^aphone. — An  electric  apparatus  de- 
signed to  record  the  human  voice,  transmit 
it  to  indefinite  distances  and  store  it  at  the 
receiving  end  of  the  line  for  reproduction 
at  will.  Its  construction  is  based  upon  the 
principle  that  a  mass  of  tempered  steel  may 
be  impressed  with,  and  will  retain  magnetic 
fluxes  varying  in  density  and  in  sign  in 
adjacent  portions  of  its  mass. 

Tele^aph  Paper  Winder. — An  auto- 
matic device  for  winding  up  the  paper  tape 
of  a  printing  telegraph  ticker,  or  other 
similar  registering  apparatus,  as  fast  as  it 
is  paid  out  by  the  receiving  instrument. 

Tele^aph  Pocket  Relay. — A  compact 
form  of  relay  of  small  size  for  use  in  line 
testing. 

Telegpraph  Poles. — Poles  usually  of  wqod, 
occasionally  of  iron,  for  carrying  telegraph 
wires  in  overhead  line  construction. 

Telegpraph  Reg^Bter. — ^Any  instrument 
for  recording  telegraph  messages  as  re- 
ceived, by  writing,  printing,  or  embossing 
the  signals  upon  a  paper  tape 

Telegraph  Repeater.  —  An  apparatus 
employed  in  intermediate  offices  to  receive 
a  message  from  one  wire  and  repeat  it 
automatically  into  another,  when  cir- 
cumstances do  not  permit  of  transmission 
over  a  continuous  line;  a  translator. 

Telegraph  Sounder. — The  receiving  in- 
strument employed  in  connection  with  the 
relay  for  enabling  operators  to  read  tele- 
graph messages  on  receipt,  by  sound  alone, 
as  generally  practiced  in  America.  It 
consists  essentially  of  an  electromagnet 
whose  armature,  movable  between  fixed 


stops,  makes  a  loud  ''click''  upon  the  pas- 
sage of  the  current. 

TelegrsLph,  Stay  Rods. — ^Metal  rods  used 
for  stiffening  telegraph  poles;  guy  rods. 

Telegraph  Switchboard. — A  switch- 
board in  a  telegraph  office  for  making  quick 
changes  in  the  connections  of  wires,  discs 
and  batteries;  it  consists  essentially  of  a 
series  of  vertical  parallel  brass  straps  on  the 
front  of  the  board,  and  a  corresponding 
series  of  horizontal  straps  op  the  back,  oonnectioii 
beinff  made  between  the  t\.  by  pin  plugs  fitting 
notcned  metal  connecting  discs. 

Tele^aph  Time  Seryice. — ^An  auto- 
matic system  of  electric  signals  issued  from 
a  standard  master  clock  to  various  points 
where  it  is  required  to  preserve  the  precise 
time. 

Teleipaph  Transmitter. — 1  In  auto- 
matic high  speed  telegraphy,  an  instrument, 
such  as  the  perforator,  for  mechanically 
transmitting  messages. 

2.  In  police  and  fire  signal  telegraphy,  a 
device  for  sending  an  alarm  to  a  station  by 
the  motion  of  a  lever. 

Telegraph  VaWe. — A  valve  operated 
from  some  distance,  by  means  of  a  cord 
passing  round  the  hand  wheel  as  a  pulley. 
Same  as  a  telegraph  cock, 

Telojg^aph  Wire. — The  electric  conductor 
which  constitutes  a  telegraph  line. 

Telegraphy. — ^The  science  and  practice  of 
the  telegraph. 

Tele-hydrobarometer. — ^An  electrical  in- 
strument for  recording  at  a  distance  the 
height  of  water  in  a  reservoir. 

Tele-indicator. — Any  electrical  device  for 
indicating  or  recording  at  a  distance  the 
readings  of  a  measuring  instrument;  a 
telemeter. 

Tele-intensity  of  Projector. — ^The  in- 
tensity of  the  light  thrown  by  a  search- 
light projector  upon  a  distant  object. 

Tele-manometer. — ^A  recording  manom- 
eter having  its  electric  recording  apparatus 
located  at  a  distance  from  the  instrument. 

Tele-meteoropraph. — A  meteorograph 
having  its  recording  apparatus  located  at 
some  distance  from  the  measuring  instru- 
ment. 
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Telemeter. — ^An  electrical  device  for  indi- 
cating and  recording  at  a  distance  the  read- 
ings of  any  measuring  instniment. 

Telephone. — An  instniment  for  the  elec- 
trical transmission  of  articulate  Bound 
to  long  distances.  One  speaks  into  a  trans- 
mitter, the  sound  vibrations  of  the  voice 
causing  a  thin  sheet  metal  or  carbon  disc 
to  vibrate,  causing  electric  waves  to  be  set 
up  in  a  steel  magnet  behind  the  disc.  The  elec- 
tno  WAves  are  to&nsmitted  through  the  magnet 
winding  to  the  oonductiug  line,  along  the  latter  to 
the  receiver,  which  is  similar  in  ooostruotion  to 
the  transmitter*  and.  Betting  up  corresponding 
vibrations  in  the  diao  of  the  receiver,  make  the 
Bounds  audible  at  the  far  end.  The  return  current 
ia  through  the  earth. 

Telephone  Batterlee* — ^The  primary  and 
secondary  batteries  employed  m  telephone 
work. 

Telephone  Booth. — A  form  of  sound 
proof  closet  containing  a  telephone  set  to 
permit  of  private  and  quiet  telephoning  in 
public  places;  a  silence  cabinet. 

Telephone  Cable. — ^A  cable  composed  of 
telephone  lines  which  follow  the  same  route, 
bunched  together  with  proper  insulation  in 
order  to  simplify  both  overhead  and  imder- 
ground  line  construction. 

Telephone  Call  Bell. — ^A  call  bell  con- 
nected with  a  magneto  generator,  forming 
the  telephone  calling  apparatus  by  means  of 
which  a  subscriber  is  summoned  to  the 
telephone  by  the  exchange  operator  to  an- 
swer a  call. 

Telephone  Cireuit. — The  electric  circuit 
comprised  in  a  telephone  system. 

Telephone  Cords. — Flexible  cords  termi- 
natmg  in  metal  plugs  employed  at  a  tele- 
phone switchboard  for  interconnecting 
subscribers. 

Telephone  Drop. — One  of  the  annunci- 
ator drops  of  a  telephone  switchboard, 
which  falls  and  attracts  the  operator's 
attention  when  a  subscriber  desires  a  con- 
nection. 

Telephone  Ezchan^. — ^A  central  tele- 
phone station  connected  with  all  lines  in  its 
section  and  with  all  other  exchanges  in  its 
system;  and  provided  with  switchboards 
for  making  any  desired  connection  between 
its  subscribers  or  through  other  exchanges 
with  any  other  line  in  the  system. 


Telephone  Galvanometer.^A  sensitive 
gdvanometer  used  in  connection  with  a 
Wheatstone  bridge  for  testing  telephone 
circuits. 

Telephone  Hook  Swlteh* — ^An  auto- 
matic arrangement  of  the  telephone  switch 
such  that  the  switch  lever  is  neld  down  in 
contact  with  the  terminal  of  the  calling 
circuit  by  the  weight  of  the  receiver  when 
not  in  use,  and  rises  by  a  spring  into  con- 
tact with  the  talking  curcuit  terminal  when 
the  receiver  is  lifted  off. 

Telephone  Indicator. — ^Any  indicator  at 
a  telephone  switchboard,  such  as  a  drop,  or 
lamp  signal,  for  calling  the  attention  oi  the 
operator  to  a  subscriber's  call. 

Telephone    Indicator    ColL — One    or 

more  electromagnetic  coils  designed  for  the 
operation  of  a  switchboard  drop. 

Telephone  Insulator. — ^A  contrivance, 
usually  of  glass  or  porcelain,  for  supporting 
telephone  wires  and  preventing  escape  of 
current. 

Telephone  Line. — The  circuit  of  wires 
comprised  in  a  telephone  system. 

Telephone  Meter. — ^A  device  employed  in 
a  hmited  telephone  service  for  recording 
the  number  of  calls  sent  by  a  subscriber. 

Telephone  Operation. — ^A tmospheric 
sound  waves  strike  the  diaphragm  of  the 
telephone  and  cause  it  to  vibrate. 
'  The  vibrating  diaphragm  produces  a 
change  in  the  magnetic  field  of  the 
telephone. 

The  changes  in  the  magnetic  field  induce  cur- 
rents in  the  wire  coil  of  the  telephone. 

The  induced  currents  are  transmitted  from  the 
transmitter  telephone  through  the  line  to  the 
receiver  telephone. 

In  the  telephone  receiver,  the  induction  car- 
rents  produce  changes  of  intensity  in  the 
magnetic  field. 

In  consequence  of  these  changes  in  the  mag» 
netic  field,  the  diaphragm  of  the  receiver  is  thrown 
into  vibration. 

The  vibrations  of  the  diaphragm  of  the  tele- 
phone receiver  give  rise  to  air  waves,  irtiieh  are 
propagated  to  the  tympanum  of  the  ear. 

Every  time  the  human  voice  is  used,  vibrations 
of  the  air  are  produced,  and  the  louder  and 
higher  the  greater  the  number  of  vibrations*  with 
each  change  of  tone  the  diaphragm  vibintee  in 
sympathy. 

Telephone  ReeelTer* — The  receiving  in- 
strument in  a  telephone  circuit.  It  con- 
sists of  a  hard  rubber  tubular  i^eU 
terminating  in  an  ear  piece  and  enclosing 
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the  woiidng  parts.  Tliese  parts  are  essen- 
tially: a  horseshoe  magnet  carrying  pole- 
pieces  wound  with  fine  wire  and  conneotedT  with 
binding  posts  at  the  terminal  of  the  exterior  dr- 
euitj  and,  just  in  front  of  the  poles  of  the  macnet. 
a  diaphzacm  of  thin  yamiahed  ir<m  clamped 
between  the  ear-pieces  and  the  body  of  the  shell. 

Telephone   Belay*   or  Repeater. — A 

telephone  repeater  in  which  a  microphone  is 
acted  upon  oy  the  receiver  of  the  nrst  line 
circuit  BO  as  to  introduce  a  local  circuit, 
which  in  turn  acts  inductively  on  the  second 
line  wire,  and  repeats  the  message;  a 
trantiatof. 

Telephone  Set* — ^The  telephone  equipment 
apart  from  the  wiring  and  mounting,  in- 
cluding the  receiver,  transmitter,  induction 
coil,  hook  or  other  switch,  call  receiving 
and  call  sending  apparatus. 

Telephone  Side  Tone. — ^The  sound  heard 
in  a  receiver  by  the  use  of  the  transmitter 
of  the  same  set. 

Telephone  Subscriber. — Any  individual, 
firmj  or  institution  that  obtains  telephone 
service  through  an  exchange. 


Telephone  Snbway. — In  imderground 
cable  construction,  a  subway  for  accom- 
modating telephone  cables. 

Telephone  Switchboard. — In  a  tele- 
phone exchange,  an  apparatus  by  means  of 
which  any  subscriber  may  be  placed  in 
communication  with  any  other  subscriber 
in  the  system;  each  line  entering  the  ex- 
change terminates  in  a  spring  jack,  into 
which  a  plug  attached  to  a  nexible  cord  may 
be  inserted  oy  the  operator  for  any  desired 
connection. 

Telephone  Time-check. — ^An  automatic 
device  connected  with  a  clock^  employed 
in  a  telephone  exchange  to  indicate  to  the 
operator  the  expiration  of  the  time  al- 
lowed a  subscriber  for  the  iise  of  a  trunk 
line. 

Telephone  Tinnitus. — A  nervous  trouble 
sometimes  affecting  the  ears  of  a  telephone 
operator  because  of  too  constant  work  at 
the  telephone. 

Telephone  Transmitter. — ^The  speaking 
ena  of  a  telephone  instrument,  consisting 
essentially  of  a  mouth  i)iece  leading  to  a 
diaphragm  which  acts  with  variable  pres- 
sure upon  carbon  granules  held  between 
conducting  plates. 


Telephone  Wire. — Wires  for  telephone 
lines  are  made  of  copper  or  iron.  Iron  is 
much  cheaper  and  nas  greater  tensile 
strength  than  copper,  but  otherwise  copper 
is  far  superior.  The  best  wire  is  of  nard 
drawn  copper,  cylindrical  and  of  uniform 
diametcar. 

Telephony. — ^The  science  and  practice  of 
the  telephone. 

Telephote. — An  instrument  employing  the 
photo-electric  properties  of  selenium  for  the 
electric  transmission  of  pictures;  the 
pherope, 

Tele-photo^aphy. — ^The  photography  of 
distant  objects  by  means  of  a  camera 
mounted  in  the  eye  piece  of  a  telescope. 

Telescope. — An  optical  instrument  which 
magnifies  the  appearance  of  distant  objects, 
causing  them  apparently  to  come  nearer. 
It  consists  essentially  of  a  tube  containing 
the  objective,  a  large  converging  lens  or  con- 
cave mirror  (speculum)  and  a  small  lens  or 
combination  of  lenses.  The  first  forms  an 
optical  image  of  the  object  observed,  and 
the  latter  magnifies  the  image. 

Telescriptor. — ^The  name  of  a  special  de- 
sign of  printing  telegraph. 

Teleseme. — ^An^  annunciator  in  a  hotel 
office  which  indicates  upon  a  dial  the  service 
required  by  a  guest  sending  a  call  from  his 
room. 

Tele-thermop*aph. — ^An  instrument  for 
electrically  recording  the  changes  of  a 
thermometer  situated  at  some  distance 
from  the  recording  apparatus. 

Tele-thermometer. — A  thermometer 
which  electrically  redsters  its  indications 
by  means  of  a  tele-thermograph  at  some 
distance  from  it. 

Telltale. — ^A  small  wire  carried  on  the  out- 
side of  a  cartridge  fuse  which  melts  when 
the  enclosed  fuse  blows,  and  thus  indicates 
that  the  fuse  is  burned  out. 

Telltale  Board. — In  automatic  tele- 
phony, a  group  of  incandescent  lamps 
mounted  upon  a  panel  with  a  magnetic  bell, 
so  that  when  a  lault  or  ground  occurs  on 
any  line,  the  operator's  attention  is  called 
by  the  ringing  of  the  bell  and  the  glowing 
of  the  lamp. 
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Telluric  Masiietio  Force.— -A  term 
sometimes  ap^ed  to  the  force  of  the  earth's 
magnetism. 

Tellnric  Mines. — ^Explosive  mines  used  in 
war  for  operations  on  land,  as  distinguished 
from  mines  used  in  naval  warfare. 

Tellnride. — In  chemistry,  a  compound  of 
tellurium  with  a  more  positive  element  or 
radical;  also  called  teUuret 

Telluriiim. — A  white  lustrous  metal  or  met- 
alloid, closely  resembling  sulphur  and 
selenium  in  its  chemical  reactions;  it  has  a 
specific  gravity  of  6.2,  and  melts  at  845^ 
Fahr.;  it  occurs  native,  but  is  more  fre- 
quently found  in  combination. 

Telpherag^e. — ^The  automatic  aerial  trans- 
portation of  material  in  a  car  suspended 
upon  grooved  wheels  from  a  tightly  drawn 
conducting  cable,  and  propelled  by  electric 
motors  actuated  by  a  current  from  the  sup- 
porting line. 

Telpher  Line. — ^The  conductors  forming 
the  supporting  circuit  in  a  system  of 
telpherage. 

Telpher  Locomotive. — ^The  electric  motor 
which  produces  the  locomotion  in  a  tel- 
pherage system. 

Temper. — 1.  The  state  of  hardness,  or 
elastic  condition  imparted  to  steel  by  the 
processes  of  heating  and  quenching,  after 
the  preliminary  hardening  effected  by 
bringing  to  a  cherry  red  and  suddenly 
coolmg. 

2.  A  claasification  of  tool  steel  by  the  makers, 
depending'almost  entirely  upon  the  percentage  of 
carbon  in  the  metal;  aa,  razor  temper,  aaw-file 
temper,  chisel  temper. 

3.  A  mixture  of  two  parts  tin  and  one  part 
copper,  used  by  pewterers  or  by  other  metal 
mixers,  to  assist  in  the  compourAding  of  those 
alloys  in  which  the  percentage  of  copper  is  so 
small,  that,  if  added  alone,  its  high  melting  point 
would  prohibit  proper  combination. 

Temperatnre. — 1.  That  which  determines 
the  heat  or  coldness  of  anything.  A  rela- 
tive term  denoting  the  heat  of  anything 
as  compared  with  that  of  a  standard,  the 
temperature  being  measured  by  the  num- 
ber of  graduations  upon  a  thermometric 
scale. 

2.  The  sensible  heat  in  anything,  the  measure- 
ment of  which  is  made  by  the  thennometer. 

3.  A  bright  bar  of  iron,  slowly  heated  in  con- 
tact with  air,  assumes  the  following  tints  at 
annexed  temperatures: 


FaktCBltelt. 

Cold  iron  at  about 64*> 

Yellow  at 437 

Orange  at 473 

Red  at. 609 

Violet  at 531 

Indigo  at 650 

Blue  at 659 

Green  at. 630 

Oxide  Gray  at 752 


Temperature  Alarm. — ^An  electrical 
apparatus  for  giving  an  alarm  when  a 
certain  temperature  is  passed. 

Temperatnre  and  Volnme  of  Chases. — 

The  "second  law  of  gases"  called  Charles' 
or  Gay  Lussac's  law,  states  that:  "At  con- 
stant pressure  the  volume  of  a  gas  varies 
with  tne  temperature,  the  increase  being 
in  proportion  to  the  change  of  tempera- 
ture and  the  volume  of  the  gas  at  zero." 

By  actual  experiment  it  has  been  ascertained 
that  a  gas  increases  in  a  ratio  of  l-493d  part  of 
its  volume  at  32°  Fahrenheit,  with  each  additional 
degree  added  to  its  temperature.  Tlxis  places  the 
"absolute  seroi"  or  the  point  at  which  a  gas 
would  assume  its  greatest  possible  density,  at 
— 461®  Fahrenheit,  or  —273*  Centigrade. 

Temperature  Calenlations* — In  tem- 
peratiue  and  pressure  calculations  for  heat 
engines,  it  is  customary  to  use  absolute 
figures.  Thus,  the  absolute  temperature 
is  the  sum  of  the  sensible  thermometric 
temperature  and  the  constant  461.  This 
latter  figure,  which  is  more  properly  expressed  aa 
460.66,  represents  the  total  number  (tf  degrees  aa 
the  Fahrenheit  scale  from  32*  below  the  ireezing 
point  of  water  to  absolute  sero  of  temperature, 
as  calculated  by  thd  expansion  ratio  of  eases. 
Thus,  in  calculating  temperatures,  one  should 
count  from  absolute  sero;  mstead  of  64*.  writing 
525°.  and  instead  of  32'',  writing  493*".  or,  better 
492.66''.  The  utility  of  this  system  lies  in  the 
fact  that,  as  a  ^as  has  been  found  to  expand  by 
1-273  of  its  origmal  volume  for  each  degree  Cen- 
tigrade, or  by  1-461  for  each  degree  Fahrenheit, 
of  increased  temperature,  we  have  by  the  use  of 
absolute  figures  an  approximate  expression  for 
both  increased  beat  and  increased  volume  in  the 
same  number.  The  absolute  sero  is  the  point  of 
theoretically  complete  stability  of  a  gas. 

Temperatnre  Elevation. — ^The  amount 
by  which  the  heat  of  a  body  exceeds  the 
temperature  of  the  surroundmg  air. 

Temperatnre  Gradient. — A  line  indi- 
catmg  the  rate  of  change  which  a  body  or 
quantity  undergoes  with  variations  of 
temperature. 

Temperatnre  of  a  Fnmaee  Fire. — ^A 

method  of  finding  the  furnace  heat  is  by 
submitting  a  small  portion  of  a  particubr 
metal  to  the  heat,  thus: 
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Tin  melts  at 442*  F. 

Lead    "     " 617»  P. 

Zinc     "     " TOO*  F.  nearly. 

Antimony  melts  at 810  to  1.150^  F. 

Silver  melts  at 1.832  to  LSTS*"  F. 

Cast  Iron  melts  at 2.000"  F.  nearly. 

Steel  melts  at 2,600»  F.       " 

Wrought  Iron  melts  at 2.700*  F.       " 

Hammered  Iron  melts  at 2.000<*  F.       " 

Temperature  of  Space. — ^The  tempera- 
ture that  would  be  experienced  outside  of 
the  earth's  atmosphere  oy  an  object  shaded 
from  the  sun;  estunated  at  about  200^ 
below  zero,  Fahr. 

Temperature  Resn^&latinip  Switch. — In 

a  system  of  car  heating  by  electric  coils, 
a  switch  by  means  of  which  any  heater  may 
be  cut  out  of  the  circuit  as  required. 

Temperature*  Volume  and  Pressure 
Relations. — In  conformity  with  the  laws 
of  permanent  gases,  the  mutual  relations 
of  the  temperature,  volume  and  pressure 
of  a  gas  in  the  cylinder  of  an  engine  vary 
according  to  the  conditions  which  obtain 
at  heating. 

1.  If  the  temperature  of  the  sas  is  kept  con- 
stant, an  increase  of  volume  results  in  a  dfecrease 
of  pressure  (Boyle's  Law). 

2.  If  the  pressure  of  the  gas  is  kept  constant, 
an  increase  oi  temperature  results  in  an  increase 
of  volume.     (Qay-Lussac's  Law). 

3.  If  the  volume  of  the  gas  is  kept  constant, 
an  increase  of  temperature  results  in  an  increase 
of  pressure  (Qay-Lussac's,  Regnault's,  and  Joule's 
Laws). 

Under  these  oonditious.  a  gss  acts  according  to 
the  following  modes  of  expansion  or  compression: 

1.  For  expansion,  when  the  pressure  decreases 
as  the  volxmie  increases,  with  a  corresponding  de- 
crease in  tempera^re  due  to  the  external  work 
done  by  the  gas  in  moving  the  piston. 

2.  For  compression,  when  the  pressure  in- 
creases as  the  volume  decreases,  with  an  increase 
in  the  temperature  due  to  the  work  spent  upon 
the  gaa  dunng  the  act  of  compression. 

Temperinsr*  Electric. — Bringing  metal  to 
a  proper  degree  of  hardness  and  elasticity 
bv  first  raising  it  to  a  high  temperature  by 
electrical  heat,  and  then  rapidly  cooling. 

Tempering  Tool  Steel. — The  treatment 
to  which  tool  steel  is  subjected,  to  ensure 
the  proper  hardness  and  tougpiess  for  a 
desired  purpose.  After  hardening,  the  tool 
is  reheated,  and  as  its  temperature  rises, 
colors  appear  upon  its  polished  surface; 
these  colors,  due  to  films  oi  oxides,  pass  from  very 
pale  yellow  through  brown  to  blue  and  purple, 
the  steel  being  quenched  in  brine  or  cold  water  as 
the  desired  color  appears.  Microscopic  investiga- 
tion explains  the  phenomena  attending  the  pro- 
cess. Steel  consists  of  various  manifestations  of 
the  same  substances,  rather  than  separate  com- 
poimds. 


Temporary  ElectromotiTC  Forces. — 

Electromotive  forces  which  cease  after  a 
brief  duration. 

Temporary  Induced  Charfl^. — ^A  tem- 
porary electric  charge  produced  in  a  body 
by  induction. 

Temporary  Maffnetism.-The  magnetism 
of  soft  iron  which  disappears  soon  after  the 
magnetizing  force  is  removed. 

Temporary  Socket. — An  incandescent 
lamp  socket  which  is  emplojred  for  tem- 
porary service 

Tenacity. — ^The  resistance  which  a  body 
offers  to  a  separation  of  its  parts;  it  is 
directly  proportional  to  the  breaking 
weighty  and  mversely  proportional  to  the 
area  ol  cross  section  of  the  Dody. 

Tensile  Strenf^h. — The  capacity  of  a 
material  to  resist  forces  that  tend  to  pro- 
duce elongation.  The  tensile  strength  of  a 
given  material  is  the  \iltimate  stress  it  can 
withstand  before  breaking. 

Tension. — ^A  term  sometimes  applied  in 
electrical  work  to  surface  density,  difference 
of  potential  and  electromotive  force. 

Tension,  Electric. — In  an  electric  field, 
a  stress  along  the  lines  of  electric  force  pro- 
ducing an  outward  pressure  on  the  external 
non-conducting  medium. 

Tension  Ratchet. — ^A  form  of  dynamom- 
eter used  in  overhead  line  construction  to 
obtain  the  proper  degree  of  tension  in  a 
wire;  a  line  dynamometer. 

Terella. — ^A  small  magnetized  sphere  of 
steel  in  which  the  distribution  of  magnetism 
resembles  that  of  the  earth;  earthkin.  A 
globular  magnet, 

TerminaL — ^A  point  at  which  a  connection 
is  made  between  an  electrical  apparatus 
and  the  external  circuit. 

Terminal  Board. — ^A  switchboard  at  the 
terminals  of  a  dynamo. 

Terminal  Branch  Cut  Out. — ^A  cut  out 

for  disconnecting  a  branch  from  the  ter- 
minal of  a  main  conductor. 

Terminal  Electromotive  Force. — ^The 
electromotive  force  measured  at  the  ter- 
minals of  a  dynamo. 
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Terminal  Insnlator, — ^A  line  insulator 
upon  a  terminal  pole. 

Terminal  Pole* — ^In  pole  line  construction, 
the  last  pole  on  the  line,  properly  guyed 
against  the  heav^  strain,  and  carrying  the 
cable  head,  terminal  box,  or  other  terminal 
appliances. 

Terminal  Rofleetion* — A  term  sometimes 
applied  to  the  radiation  of  electric  waves 
from  the  terminal  of  a  conductor  left  on 
open  circuit. 

Terminal  Station. — ^The  station  situated 
at  the  end  of  a  telegraph  line. 

Terminal  Voltage. — ^The  voltage  at  the 
terminals  of  an  electric  generator. 

Terra-cotta  Conduit. — A  conduit  of 
glazed  earthenware. 

Terrestrial     Mai^netie     Induction. — 

Magnetic  induction  derived  from  terres- 
trial magnetism. 

Terrestrial  Maffnetiun. — ^The  magnet- 
ism inherent  in  tne  earth;  the  determina- 
tion of  which  depends  upon  the  knowledge 
of  the  magnetic  elements,  viz.,  the  intensity, 
the  declination,  and  the  indinatian. 

Tesla  CoiL — ^A  form  of  induction  coil  de- 
signed by  Tesla  for  obtaining  high  poten- 
tials and  frequencies:  it  consists  of  a 
primary  of  a  few  turns  and  a  secondary 
of  fine  wire,  both  immersed  in  oil  insula- 
tion; a  Testa  transformer. 

Tesla  Discharge. — A  high  frequency  dis- 
ruptive discharge. 

Tesla  Frequencies. — ^The  high  frequencies 
which  characterize  Tesla  discharges. 

Tesla*  Nikola.— Bom  1857.  An  Ameri- 
can electrical  engineer  of  Austrian  birth; 
inventor  of  the  system  of  polyphase  electric 
currents  (1887),  and  distmguished  for  his 
experiments  with  electric  oscillations. 

Test  Board. — ^In  telegraph  and  telephone 
central  offices,  a  board  for  permitting  the 
ready  introduction  of  testing  instruments 
into  any  line  entering  the  exchange. 

Test  Cell. — A  voltaic  cell  for  the  operation 
of  the  "busy"  test  in  connection  with  a 
multiple  telephone  switchboard. 


Test  Circuit.— The  circuit  of  the  "bui^' 
test  in  connection  with  a  multiple  telephone 
switchboard. 

Test  Clamp  or  Clip**-In  telephone  wir- 
ing, a  connection  made  between  two  wires 
so  that  they  can  be  separated  for  the  pur- 
pose of  testing.  Test  clamps  are  also  used 
to  connect  branch  wires  to  main  lines  where 
a  tap  is  to  be  made  from  the  line,  and  at 
points  where  house  wires  are  joined  to 
main  wires. 

Test  Clerk. — ^A  person  employed  in  testing 
the  telephone  or  telegrapn  lines  entering 
an  exchange. 

Test  Clip. — ^A  simple  form  of  clamping 
device  employed  in  telephone  circuits  for 
joining  wires  in  such  a  way  that  they 
ma}r  be  disconnected  at  that  point  for 
testing.  Test  clips  are  also  used  to  con- 
nect branch  wires  and  house  wires  to  the 
main  line  wire. 

Testing^. — 1.  In  electrical  work,  the  making 
of  tests  to  ascertain  the  electric  condition 
of  wires,  circuits,  or  installations;  especially 
for  the  determination  of  electric  properties 
in  the  whole  or  anv  part  of  a  system,  tJie 
discovery  of  grounds,  crosses,  or  any  faults 
whatever,  and  the  quantitative  measurement  of 
such  conditions. 

2.  In  mechanics,  the  act  or  prooess  of  deter- 
mining the  strength  of  materiab,  ahd  thdr 
behavior  imder  strains  of  various  Idnds;  as, 
elongation,  bending,  crushing,  etc 

3.  In  metallurgy,  the  operation  of  refining 
gold  or  silver  in  a  test  or  cupel;  cupeCation. 

Testing^  Bank. — ^A  ^up  of  resistances  for 
testing  an  electric  circuit. 

Testifier  Car. — ^A  trolley  car  employed  in 
making  tests  along  the  line  of  the  nulway. 

Testing^  Enf^es* — ^The  economy  of  steam 
engines  as  usually  determined,  relates  to 
the  weight  of  water  consumed,  to  the 
quantity  of  coal  used  in  making  the  steam, 
or  to  the  number  of  heat  units  supplied; 
while  in  other  forms  of  heat  engine,  it 
relates  to  the  amount  of  gas,  oil,  or  other 
fuel  burned. 

The  heat  consumption  of  internal  combustion 
engines  is  found  by  ascertaining  the  total  heat  of 
combustion  of  ^e  particular  fuel  used,  as  deter- 
mined by  a  calorimeter  test,  and  multiplying  the 
result  by  the  quantity  of  fuel  consumed.  In  de- 
termining the  total  heat  of  combustion  no  deduc- 
tion is  made  for  the  latent  heat  of  the  Taper  of 
water  in  the  products  of  combustion. 

Testing^  Machine. — ^An  application  of  the 
principles  of  the  balance  or  steel  yard  for 
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testing  the  strength  of  materials.  Pieces 
of  approved  and  standard  size  and  shapes, 
are  nrmly  held  in  the  jaws  of  the  machine 
and  the  weights  are  applied  through  a  s^ 
tern  of  compound  levers  working  on  knife 
edges.  Mooifications  are  made  for  com- 
pressive tests,  or  for  proving  cables. 

Testing^  VMgneto. — ^A  powerful  magneto- 
generator  employed  in  electric  testing. 

Temtiikg  of  Joints, — ^Testing  the  electric 
continuity  of  joints  in  a  wire  or  cable. 

Testing^  Pole. — ^An  electrode  employed  in 
electro-therapeutics  merely  for  the  purpose 
of  closing  the  circuit  through  the  part  of 
the  body  to  be  treated,  as  distinguished 
from  the  electrode  whicn  actually  applies 
the  treatment;  an  indifferent  electrode. 

Testing  Post. — ^In  underground  cable  con- 
struction, a  hollow  post  sometimes  set 
above  ground,  into  which  wires  from  the 
cables  are  led  in  order  to  facilitate  testing. 

Testing  Room. — 1.  In  a  telephone  ex- 
change, a  room  back  of  the  switchboard 
througn  which  all  the  wires  entering  the 
exchange  pass  before  reaching  the  switch- . 
board  terminals. 

2.  Anv  room  fitted  with  appliances  for 
electrical  testing. 

Testing^  Set. — ^A  portable  instrument  for 
locating  faults,  measuring  resistances  and 
similar  purposes,  in  an  electric  S3rstem.  A 
useful  set  consists  of  a  Wheatstone  bridge 
with  decade  resistances,  a  galvanometer 
and  a  battery  of  dry  cells  mounted  to- 
gether in  a  box. 

Testin^r  Swltelu— In  auadruplex  teleg- 
raphy, a  switch  employed  in  balancing  the 
resistance  of  the  artificial  line  and  the  main 
line  wire. 

Testlncr  Transformer. — ^A  transformer 
^ployed  in  testing  the  electrical  condi- 
tion of  a  circuit. 

Test  J»eks. — Simple  forms  of  spring  jacks 
in  connection  with  a  telephone  aistnbuting 
board,  for  the  introduction  of  testing  in- 
struments into  the  line  side  of  the  circuit. 

Test  Paper. — A  paper  prepared  by  dip- 
ping into  a  solution  or  decoction  of  a  sud- 
stance  and  dnring;  to  be  used  to  detect 
the  presence  of  a  substance  whose  presence 


causes  a  reaction,  and  a  change  in  the  color 
of  the  paper,  as  Hue  litmua  paper  changes 
to  red  by  presence  of  an  acid. 

Test  Pliif^ — Plugs  for  insertion  into  test 
jacks,  by  means  of  which  a  testing  appa- 
ratus may  be  introduced  into  a  tetephone 
circuit. 

Test  Ring^. — 1.  Ringing  up  a  subscriber 
from  a  central  telephone  exchange  in  order 
to  determine  whether  the  line  is  in  proper 
working  order. 

2.  The  contact  ring  of  a  spring  jack 
in  a  multiple  telephone  switchboard;  teet 
thimble. 

Test  Boom. — ^A  room  is  any  electrical 
plant  equipped  with  the  necessary  instru- 
ments and  apparatus  for  making  tests 
upon  new  machines,  prior  to  their  in- 
stallation to  determine  whether  they  meet 
ratings  and  specifications,  and  upon  the 
regular  equipment  to  discover  faults  and 
unusual  conditions. 

Test  Thimble. — ^In  a  multiple  telephone 
switchboard,  a  thimble  contact  in  front  of  a 
spring  jack,  which  is  connected  to  sround 
by  the  insertion  of  a  plug,  so  that  when  an 
operator  at  another  section  of  the  board 
touches  the  test  thimble  of  that  h'ne  with 
the  tip  of  the  plug,  a  "  busy"  aifsoBl  is  given 
if  the  line  be  m  use. 

Test  Wire. — 1.  In  a  multiple  telephone 
switchboard,  a  wire  connecting  all  the  jacks 
of  the  same  number  at  all  the  sections,  so 
that  when  a  line  is  in  use  at  one  section,  the 
''busy"  signal  may  be  given  at  the  cor- 
responding jacks  of  the  other  sections. 

2.  In  a  metallic  circuit,  a  name  some- 
times given  to  the  return  wire. 

3.  Any  wire  subjected  to  testing. 

Tetrad  Atom. — ^An  atom  having  the  val- 
ency, or  combining  power,  of  four  units, 
i, «.,  of  four  atome  of  hydrogen, 

Tetrivalent. — In  chemistry,  a  term  applied 
to  an  atom  having  a  valence,  or  combining 
capacity  of  four  units,  i.  e.,  having  a 
capacity  to  unite  with  four  atoms  of 
hydrogen. 

Tetrode  Workinf^. — ^In  synchronous  mul- 
tiplex telegraphy,  the  simultaneous  trans- 
mission of  four  messages  over  the  same  wire. 

Thallium. — A  rare,  bluish-white  metal, 
widely  distributed,   but   found  in  small 
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quantities;  as,  in  certain  kinds  of  iron  and 
copper  pyrites,  in  some  minerals  and  in 
many  mineral  springs.  It  has  a  specific 
gravity  of  11.9,  and  melts  at  56P  F.  It 
resembles  lead,  and  is  so  soft  that  it  can  be 
scratched  with  the  linger  naiL  Thallium  has  been 
used  in  ([lass  manufacture,  i>roducing  a  glass  of 
eztTBOrdmary  brilliancy  and  high  refractive  power. 

Theatrophone. — An  automatic  slot  ma- 
chine by  which  telephone  communication 
may  be  had  with  a  theater  or  opera,  and 
the  performance  heard  from  a  distance. 

Theoretical  Efficiency* — ^In  mechanics, 
the  quality  of  producing  an  effect,  or  power 
or  agency,  terminating  in  theory  or  spec- 
ulation. 

Theoretical  Mafi^et. — ^A  magnet  existing 
only  in  theory  for  the  sake  of  discussion 
and  assumed  to  have  infmite  length  and 
tUnness,  and  to  be  uniformly  magnetized 
throughout. 

Theoretical  Mechanics. — ^The  science 
dealing  with  forces  and  their  effects  upon 
matter;  differing  from  applied  mechanics ^  in 
that  the  latter  science  deals  with  actual 
examples  of  mechanisms  and  structures. 

Theory  of  Heat  Engines. — Both  steam 
and  gas  engines  are  forms  of  heat  motor; 
since  both  operate  by  means  of  the  ex- 
pansive energy  of  gases,  which  have  been 
subjected  to  the  action  of  heat.  A  per- 
manent gas,  or  the  vapor  from  a  liquid  or 
solid  substance,  when  exposed  to  heat  tends  to 
expand,  and,  in  expanding,  exerts  an  active  pres- 
sure in  all  directions.  Thus,  if  a  gas,  or  a  readily 
volatixed  liquid,  like  water  or  alcohol,  contained 
in  a  corked  vessel,  be  exposed  to  heat,  the  ex- 
pansion will  be  exhibited  in  the  expulsion  of  the 
cork.  In  this  fact  is  demonstrated  the  principle, 
on  which  all  forms  of  heat  engine  operate:  that 
heat  may  be  transformed  into  mechanical  energy 
Uirough  its  effects  on  liquids  and  gases,  promot- 
ing the  change  from  fluid  to  gaseous  state  and 
then  increasing  the  volume  of  the  gas.  No  stato 
of  matter  is  entirely  permanent,  and,  as  a  general 
rule,  the  absorption  of  a  sufficient  quantity  of 
heat  results  in  liquefying  a  solid,  and  in  vapor- 
ising a  liquid.  Gases  subjected  to  heat,  either 
when  ignited,  as  with  inflammable  gases,  or 
merely  heated  as  with  separated  steam,  tend  to 
assume  greater  volumes  so  long  as  the  tempera- 
ture is  not  allowed  to  fall.  On  ihe  other  hand, 
modem  science  has  succeeded  in  producing  liquid 
air  and  liquid  carbonic  acid  gas  by  the  combina- 
tion of  extremely  high  pressures  and  extremely 
low  temperatures.     It  is  sufficient  to  say  that  no 

{)ressure  has  ^et  been  found  sufficiently  high  to 
iquefy  air,  without  the  cooperation  of  a  tempera- 
ture commrnsurately  low.  Conversely,  also,  no 
known  degree  of  cold  can  produce  this  effect, 
apart  from  a  high  pressure  acting  at  the  same  time. 

Therapentic  Electrisation. — ^The  treat- 
ment of  disease  by  electricity;  electro^ 
therapeiUics, 


Therm.— The  unit  of  heat  in  the  C.  G.  S. 
system,  equivalent  to  the  amount  of  heat 
necessary  to  raise  the  temperature  of  a 
gram  of  water  from  0®  to  1®  Centigrade; 
the  calorie. 

ThermaBthesiometer. — In  electro-thera- 
peutics, an  instrument  for  determining  the 
degree  of  sensitiveness  of  different  parts  of 
the  body  to  temperature  variations. 

Thermal. — ^Relating  to  heat. 

Thermal  Absorption. — The  absorption  of 
heat  rays  in  passing  through  a  solid  or 
liquid. 

Thermal  Arrester. — A  protective  device 
for  telephone  apparatus,  by  means  of  which 
''sneak  currents  are  arrested  by  cutting 
an  instnmient  out  of  circuit  when  a  stray 
current  exceeds  a  predetermined  limit;  a 
heatcoU. 

Thermal  or  Thermic  Balance. — ^An  in- 
strument of  great  sensitiveness,  consisting 
essentially  of  a  Wheatstone  bridge  having 
two  strips  of  blackened  platinum  foil  in- 
serted in  the  arms,  for  measuring  minute 
quantities  of  heat  energy  by  the  changes  of 
electrical  resistance  produced  in  a  metallic 
conductor  by  variations  of  temperature;  a 
bolometer. 

Thermal  Capacity. — ^The  quotient  of  the 
heat  received  by  the  rise  of  temperature 
produced  in  a  body. 

Thermal  Circuit  Closer. — ^A  device  for 
closing  a  circuit  by  the  action  of  heat. 

Thermal  CoiL — ^In  a  rheostat,  a  coil  hav- 
ing a  high  temperature  coefficient  intro- 
duced for  the  purpose  of  indicating  the 
amount  of  heat  generated  by  the  resistance. 

Thermal  Cnrrent. — ^A  flow  of  heat  in  a 
conducting  body  from  the  region  of  the 
higher  temperature  to  the  region  of  lower. 

Thermal  Current  Streng^th. — The 

amount  of  heat  flowing  throuLgh  imit  cross 
section  of  a  conducting  body  per  second  of 
time. 

Thermal  Efficiency. — 1.  No  heat  engine 
can  convert  into  mechanical  energy  more 
than  a  small  fraction  of  the  heat  supplied 
to  itf  the  greater  portion  being  necessarily 
lost  in  various  ways;  in  overcoming  the 
molecular  resistance  of  the  working  sub- 
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ptance  to  changes  of  fonn;  in  overcoming  the 
friction  of  the  working  parts  of  the  mechanism; 
and  by  rejection,  bo  that  the  efficiency  becomes 
the  ratio: 

Heat  converted  inio  work 

Heat  absorbed  by  the  workino  aybitance 

which  is  a  fraction  always  much  leas  than  unity, 
and  represents  the  thermal  efficiency  of  an  engine 
operating  under  actual  working  conditions. 

2.  The  ratio  of  the  heat  equivalent  of  the  work 
done  on  the  piston  of  a  steam  engine  per  unit  of 
time,  to  the  neat  supplied  to  the  engine. 

Thermal  Efficiency  Ratio. — The  stand- 
ard expression  for  efficiency  is  the  thermal 
efficiency  ratio  or  the  proportion  which  the 
heat  equivalent  of  the  power  developed 
bears  to  the  total  amount  of  heat  actually 

consumed,  as  determined  by  test.  In  this 
case,  one  horse  power  per  hour  represents 
1,980,000  foot  pounds  of  energy,  and  this  divided 
by  778  foot  pounds,  the  mechanical  equivalent  of 
one  British  Thermal  Unit,  gives  2,545  for  the 
numerator  of  the  expression. 

2,545 

B.  T.  U.  per  H.  P.  per  hour, 

which  expresses  the  thermal  efficiency  ratto). 

Thermal  EqniTalent  of  Work.— The 
amount  of  heat  which  can  be  produced  by  a 
given  amount  of  mechanical  work. 

Thermal  Rosistanoe* — ^The  oppodtion 
made  by  a  body  to  the  flow  of  heat 
through  it. 

Thermal  Unit. — A  measure  of  mechanical 
work,  found  by  experiment  to  be  equal  to 
the  energy  necessary  to  raise  one  pound  of 
water  1^  Fahr.,  in  temperature  Known 
as  the  British  thermal  unit  or  B.  T.  U. 

Thermit. — A  granular  mixture  of  aluminum 
and  iron  oxide,  in  exact  chemical  pro- 
portions, so  that  a  perfect  union  may  ensue 
on  combustion,  and  nothing  but  alumina 
and  pure  iron  remain  behind  as  products. 

Thermit  Welding^. — A  chemical  process 
whereby  internal  local  heat  may  oe  ob- 
tained, to  fuse  together  iron  and  steel  parts 
of  considerable  size.  The  temperature  of 
ignition  is  a  little  less  than  that  of  molten 
steel,  and  below  this  it  will  not  ignite.  It  is 
perfectly  safe,  therefore,  against  a  red  hot  poker, 
or  even  molten  cast  iron;  and  may  be  thrown  in- 
to an  ordinary  fire  without  injuiv.  It  would  be 
ignited,  however,  by  molten  steel  or,  indeed,  by 
any  other  method  which  would  produce  tiie  tem- 
perature of  ignition,  however  small  the  area  of 
attack.  In  practice,  a  special  ignition  powder  is 
provided,  which  mav  be  started  bj^  a  luciier  match 
thus  causing  a  local  heat  of  sufficient  intensity  to 
ignite  the  thermit,  whose  ingredients  now  combine 
and  cause  the  enormous  temperature  of  5400^  F. 
by  their  combustion.  The  iron  being  freed,  the 
aluminum  goes  to  form  with  the  oxygen  a  slag  of 
alumina*  which  appears  as  thin,  dark  red  flakes  of 


what  may  be  called  emer^,  ruby,  or  sapphire; 
both  slag  and  iron  remaining  fluid  at  the  high 
temperature.  It  is  this  immense  evolution  of 
heat  that  serves  for  the  welding  of  two  pieces  of 
iron  or  steel,  being  thus  analogous  to  electric 
welding,  or  to  any  other  process  where  a  sudden 
supply  of  intenseneat  is  desired. 

Thermo-barometer. — An  instrument  for 
measuring  the  height  of  mountains,  con- 
sisting essentially  of  a  sensitive  thermom- 
eter by  which  the  temperature  of  the  boil- 
ing point  of  water  at  a  given  elevation  is 
determined;  a  hypsometer. 

Thermo-battery, — A  name  sometimes 
given  to  the  thermopilBf  being  a  number  of 
thermo-electric  couples  or  thermo-cells 
connected  in  series  m  one  circuit  so  that 
when  alternate  junctions  are  oppositely 
heated,  the  various  E.  M.  F's  act  in  the 
same  direction  and  increase  the  current  in  pro- 
portion to  the  number  of  pairs  of  junctions  in  the 
'^battery." 

Thermo-cell. — A  term  sometimes  applied 
to  a  thermo-electric  couple.  It  is  a  junction 
of  two  dissimilar  metals,  which,  when 
heated,  produces  a  flow  of  electric  current. 
A  couple  of  this  kind  composed  of  plati- 
num and  an  alloy  of  platinum  and  rhodium 
is  the  element  used  in  thermo-electric 
pyrometers  for  measuring  high  tem- 
peratures. 

Thermo-chemical  CelL — A  voltaic  cell 
which  generates  an  electric  current  by 
means  of  chemical  action  induced  by  heat. 

Thermo-chemifltry. — ^That  branch  of 
chemistry  which  treats  of  the  manifesta- 
tions of  heat  which  are  associated  with 
chemical  action. 

Thermoohrosy* — ^The  property  of  radiant 
heat  which  permits  of  its  being  analyzed 
into  component  rajrs  of  different  refrangi- 
bilities,  hke  light  rays;  heat  color. 

Thermodynamics. — ^The  branch  of  the 
theory  of  heat  that  treats  of  the  rela- 
.  tions  between  heat  and  mechanical  work, 
especially  as  acting  in  a  heat  engine;  as, 
the  steam  engine.  This  term  is  made  from 
two  Greek  words,  which  signify,  respective- 
ly, heat  and  power. 

The  first  two  laws  of  thermodynamics  are  as 
follows:  (1)  In  the  conversion  of  heat  into  me- 
chanical energy,  one  unit  of  heat  is  lost  for  every 
778  foot  pounds  of  energy  obtained;  and  con- 
versely, in  the  production  of  heat  bv  mechanical 
means,  one  unit  of  heat  is  obtained  from  every 
778  foot  pounds  of  encrKV  expended.  (Joule.) 
(2)  It  is  impossible  for  a  self-acting  engine  to  con- 
vey heat  from  one  body  to  another  at  a  higher 
temperature  without  external  sid.   (Clausius.) 
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Thermo-electric  Alamu^An  electrical 
apparatus  for  sounding  an  alarm  when 
the  temperature  passes  a  certain  danger 
point. 

Thermo-electric  Battery  or  Gene- 
rator.— ^A  term  sometimes  applied  to  the 
thermopile,  a  number  of  thermo-electric 
couples  Joined  in  series  in  one  circuit  so 
that  bv  differently  heating  alternate  junc- 
tions tne  ciirrent  generated  is  increased  in 
proportion  to  the  number  of  pairs  of 
junctions. 

Themui-electric  Cell  or  Pair. — ^A  ther- 
mo-electric couple.  A  junction  of  two  dis- 
similar metals,  such  that  if  the  junction  be 
heated,  a  current  of  electricity  will  be  set 
up  in  the  circuit  formed  by  the  two 
conduQjtors. 

Thermo-electric  Couple. — ^A  pair  of  dis- 
similar metal  strips  or  wires  joined  at  their 
ends,  each  junction  being  brought  to  a  dif- 
ferent temperature  so  that  an  electric 
current  is  oDtained  throu^  the  circuit  thus 
formed. 

Thermo-electric  Current. — A  current  of 
electricity  obtained  by  unequally  heating 
the  junctions  of  a  thermo-electric  couple. 

Thermo-electric  Detector. — ^In  wireless 
telegraphy,  a  form  of  detector  which 
measures  the  energy  of  the  oscillations 
instead  of  the  voltaee  or  current  as  in 
coherers  or  magnetic  detectors.  They  are 
based  on  the  rate  at  which  heat  is  produced 
in  a  shorty  fine  wire  through  which  oecillatory 
currents  of  high  frequency  jpaas.  lliere  are  eev- 
eral  types  of  thermo-electno  detectors;  (a)  those 
which  depend  upon  the  temperature  variation  of 
the  resistance  of  the  wire  in  which  the  enercy  is 
converted  into  heat;  (b)  those  in  which  the  heat 
from  the  wire  acts  on  a  thermo-electric  junction 
in  the  circuit  of  a  galvanometer;  (c)  those  which 
utilise  the  expansion  of  the  conductor;  and  (d)  in 
which  the  heating  of  the  wire  is  measured  by  the 
expansion  of  the  air  in  the  vessel  whidi  encloses 
the  wire. 

Thermo-electric  Diapam. — ^A  diagram 
for  illustrating  the  thermo-electric  relations 
of  various  metals,  in  which  the  abscissas 
represent  the  absolute  temperatures,  and 
the  ordinates  the  increase  or  electromotive 
force  per  degree  rise  of  temperature  with 
reference  to  lead  as  a  standard  metal. 

Thermo-electric  Effect.— The  effect  of 

E reducing  an  electric  current  by  unequally 
eating  tne  junctions  of  dissimilar  metals 
in  a  thermo-electric  couple. 


Thermo-electric  Elemect. — ^Any  metal 
joined  with  another  to  form  a  thermo- 
electric couple. 

Thermo-electric  Force. — ^The  difference 
of  potential  developed  by  the  union  of  two 
unlike  metals  joined  in  a  closed  circuit  and 
heated  at  one  of  the  junctions^  causing  an 
electric  current  to  flow  in  the  circuit. 

Thermo-electric  Inveraioii. — A  phenom- 
enon which  occurs  when  the  temperature 
of  a  thermo-electric  junction  is  gradually 
raised  to  a  high  degree;  the  current  orig- 
inally flowing  in  one  direction  ceases 
altogether  when  the  neutral  point  of  tem- 
perature is  reached,  and  beyond  that  is 
reversed  in  direction. 

Thermo-electricity. — ^That  branch  of  the 
science  of  electricity  which  treats  of  electric 
currents  generated  by  heat  applied  to  the 
junction  of  dissimilar  metals. 

Thermo-electric  Junction. — ^The  point 
at  which  the  two  metals  of  a  thermo- 
electric couple  are  joined;  a  Ihermo-junction. 

Thermo-electric  Laws. — ^The  two  chief 
laws  of  thermo-electricity  may  be  stated 
as  follows:  (a)  The  electromotive  force 
developed  bv  a  heated  junction  depends 
on  the  metab  used  and  is  independent  of 
the  size,  (b)  If  a  complete  circuit  be 
made  of  two  metals,  joined  at  tne  extremities,  and 
one  junction  be  heated  while  the  other  is  kept 
cold,  the  electromotive  force  generated  is  propor- 
tional to  the  differene*  between  the  temperatures 
of  the  hot  ana  oold  junctioDa  within  certain 
limits. 

Thermo-electric  MnltipUer. — ^A  sensi- 
tive instrument  consisting  of  the  combina- 
tion of  a  galvanometer  with  a  thermo- 
pile for  measuring  minute  differences  of 
temperature. 

Thermo-electric^  Nentral    Point. — ^In 

gradually  increasing  the  totnpcrature  oi  a 
thermo-electric  junction,  a  point  at  which 
the  current  ceases  just  before  inversion 
takes  place. 

Thermo-electric  Pile. — A  thermopile,  A 
number  of  thermo-electric  couples  joined 
in  series  in  one  circuity  so  that  if  one  set  of 

Thermo-electric  Power. — ^The  coefficient 
by  which  the  difference  of  temperature  of 
the  junctions  of  a  thermo-electric  couple 
must  be  multiplied  to  give  the  potential 
difference  in  micro-volts. 
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alternate  junctions  is  exposed  to  one  tem- 
perature, and  the  other  set  to  another 
tempera  twe,  the  electromotive  forces  of  all 
the  junctions  will  act  in  the  same  direction, 
and  the  total  E.  M.  F.  will  be  proportional 
to  the  number  of  pairs  of  junctions  in  the 
series. 

ThemuHeleetrio  Pyrometer. — ^An  ap- 
paratus for  measuring  high  temperatures, 
depending  for  its  action  upon  the  principle 
of  the  thermo-electric  couple.  By  heatmg 
the  junction  of  two  dissimilar  metals  an 
elec^motive  force  will  be  set  up  which 
win  deflect  a  galvanometer  joined  in  senes  in  Uie 
drciiit.  A  well  known  type  consiBte  of  a  junction 
of  platlnaxn  wire  and  a  wire  composed  of  an  alloy 
of  platinum  and  rhodium  in  a  fire-clay  tube  dosed 
at  one  end,  and  an  opposite  junction  of  the  wires 
kcn>t  at  the  temperature  of  the  atmosphere  and 
joined  to  a  galvanometer.  Such  a  junction  can 
measure  temperatures  up  to  3227^  F.,  the  melting 
point  of  platinum. 

ThemuHelectrlo  ^  Series* — A  list  of 
metals  arranged  in  order  such  that  each 
metal  is  electrically  positive  to  the  metals 
foUowing  it  in  the  series. 

Thermo-eleetromotive  Force. — ^A  po- 
tential difference  created  by  the  unequal 
heating  of  the  junctions  of  a  thermo- 
electric couple. 

Thermo^emeiit. — One  of  the  two  dissim- 
ilar metals  which  form  a  thermo-electric 
couple. 

Thermo-^falTanometer. — ^A  pair  of  in- 
struments devised  by  Duddell  for  measur- 
ing the  current  dehvered  by  a  high  fre- 
quency alternator.  They  are  capable  of 
registering  through  a  very  great  range  from 

a  micro-ampere  to  many  amperes.  The 
operating  principle  is  that  the  heat  generated  by 
the  current  in  a  wire  acts  upon  a  thermo-electnc 
junction  which  forms  a  part  of  a  galvanometer 
circuit.  This  device  may  oe  used  as  a  detector  in 
wirelesB  telegraphy  over  considerable  distances. 

Thmrmofrmnh. — ^A  standard  type  of  self- 
registermg  thermometer. 

Thermo-Jvaetion* — A  ihermo-deciric  junc* 
1ion\  the  uniting  of  two  unlike  metals  in  a 
conducting  circuit  so  that,  by  heating  one 
of  the  points  of  joining,  an  electric  current 
will  be  set  up  in  the  circuit. 

Thermolysis* — ^The  decomposition  of  a 
compound  into  its  parts  oy  heat;  dia- 
eodaJHonly  heai, 

Thermo-ma^iietism. — ^The  effect  of  heat 
upon  a  magnetised  substance  in  develop- 


ing new  magnetic  properties  or  in  altering 
magnetic  conditions;  TpyromagryeHem. 

Thennoiiieter»  Electric. — ^The  electric 
pyrometer  J  an  instrument  for  the  accurate 
measurement  of  temperatures  which  lie 
beyond  the  ran^  of  tne  ordinary  mercury 
thermometer.  There  are  two  classes  of 
pyrometers:  (a)  those  in  which  the  heat  is 
applied  direct;  and  (6)  those  in  which  the 
image  of  the  glowing  body  is  thrown  upon 
the  thermometer  by  a  lens  or  mirror. 

Thermometric  Heat. — The  sensitive  heat 
possessed  by  a  body,  as  distinguished  from 
radiant  heat. 

Thermometric  ResistsAce  ColL — ^A  coil 
of  known  resistance  at  a  given  tempera- 
ture, used  to  indicate  changes,  or  degrees 
of  temperature,  by  the  alterations  in  its 
power  of  resistance. 

Thermometric  Scale. — ^The  graduated 
scale  to  which  thermometers  are  referred. 
The  common  scale  is  Fahrenheit's,  in  which 
zero  is  the  temperature  of  a  mixture  of  salt 
and  snow,  32^  that  of  melting  ice,  and  212^ 
that  of  boiling  water.  For  temperatures 
between  212^  and  400^  Fahr..  comparisons  should 
be  made  with  the  temperatures  given  in  Reg- 
nault's  Steam  Tables,  by  placing  the  thermometer 
in  a  well  of  mereuiy  surrounded  by  satu- 
rated  steam  under  sufficient  pressure  to  give 
the  desired  temperature.  The  Celrius  and 
Reaumur  scales  run  from  the  temperature  oi 
melting  ice  to  that  of  boiling  water,  the  fonner 
having  100  jtraduations  and  the  latter  80,  hence, 
the  Celsius  is  called  the  Centigrade  thermometer. 

Thermometry. — The  science  and  practice 
of  measuring  temperature. 

Thermo-pair. — ^A  thermo-electric  couple 
or  pair.  If  a  junction  of  two  dissimuar 
metals  forming  a  part  of  a  closed  circuit  be 
heated,  the  heat  energy  will  be  transformed 
into  electrical  energy,  and  a  current  will 
flow  around  the  circmt.  This  phenomenon 
is  called  the  Setbeck  effect  from  the  man 
who  discovered  thermo-electricity. 

Thermophone. — ^A  variety  of  receiving 
telephone  in  which  sounds  are  produced 
by  changes  in  the  circuit  caused  by  tem- 
perature variation. 

Thermopile. — ^A  group  of  thermo-electric 
couples  connected  in  series  so  that  one  set  of 
junctions  can  be  heated  while  the  others 
are  kept  cool;  the  resultant  electromotive 
force  being  considerable,  as  from  a  voltaic 
cell;  a  thermo-electric  baUery, 
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Thermopile  Ckklvanometer. — A  i^va- 
nometer  employed  in  connection  with  a 
thermopile  to  measure  minute  variations 
in  temperature. 

Thermoscope* — An  instrument  for  indica- 
ting differences  of  temperature  at  two 
neighboring  places  without  measuring  the 
amount. 

Thermostat. — An  automatic  device  by 
which  an  electric  circuit  is  closed  when  a 
given  temperature  is  reached:  it  may  act 
so  as  to  give  an  alarm  of  fire,  or  to  regulate 
temperature  by  controlling  the  source  of 
heat  or  ventilation. 

Thermostatic  Alarm. — ^An  alarm  given 
b^  the  automatic  closing  of  an  electric 
curcuit  by  means  of  a  thermostat. 

Thermostatic  Res^lation. — ^The  regu- 
lation of  temperature  by  a  thermostat  em- 
ployed to  control  the  source  of  heat  or 
ventilation. 

Thermo-telephone. — 1.  A  telephone  re- 
ceiver in  which  the  diaphragm  is  actuated 
by  the  effects  of  changes  of  temperature 
upon  a  fine  wire  attached  to  it,  through 
wnich  the  currents  pass. 

2.  A  telephone  transmitter  in  which  the 
heating  effect  of  the  current  changes  the 
resistance  of  a  wire  which,  acting  tlu'ough 
an  induction  coil,  sends  currents  out  to  the 
line. 

Thimble  Brush. — A  form  of  brush  suitable 
for  cleaning  the  interior  of  thimbles  and 
similar  surfaces  preparatory  to  electro- 
plating. 

Thinning  of  Boiler  Plates. — When  the 
tube  sheet  and  tube  ends  near  the  sheet 
become  coated  with  scale  or  the  tubes 
become  overheated,  the  metal  wastes 
away,  thus  resulting  in  thinning.  This 
can  usually  be  detected  by  examination, 
sounding  with  a  round-nosed  hammer,  or 
drilling  small  holes  in  suspected  parts  not 
otherwise  accessible  for  examination. 

Third  Rail. — ^A  bar  conductor  of  electricity, 
properly  insulated,  running  parallel  with 
the  railway  track,  and  at  the  same  level  as 
the  rails,  transmitting  power  from  a  central 
point  to  the  motors  of  the  train. 

Third  Rail  System. — ^A  system  of  electric 
traction  employing  a  thira  rail  to  convey 
Uie  current  to  the  motors:  this  rail  is  car- 


ried on  insulators  between  the  rails  or 
along  the  side  of  the  tracks,  the  contact 
being  made  by  cast  iron  rubbing  shoes 
carried  on  insulated  spring  supports. 

Thompson,  Elihu.  — Born  1853.  An 
American  electrical  en^eer;  inventor 
(1886)  of  electric  welding,  and  high- 
frequency  electrical  apparatus;  contributor 
to  the  general  development  of  the  science 
of  electricity. 

Thompson*  Silvanus  Phillips. — ^Bom 
1851.  An  English  physicist  who  has  con- 
tributed largely  to  tne  spread  of  the  knowl- 
edge of  electrical  science. 

Thomson. — ^A  name  proposed  for  the  mhOf 
the  unit  of  electrical  conductance. 

Thomson  Effect. — ^The  tendency  to  in- 
crease or  decrease  the  difference  of  tem- 
peratures when  an  electric  current  flows 
through  an  unequally  heated  metal;  in 
copper  the  current  transfers  heat  from  the 
hotter  to  the  cooler  parts,  tending  to 
equalize  the  temperatures;  in  iron  the  current 
tratisfera  heat  from  the  cooler  to  the  hotter  parts, 
tending  to  increase  the  differaioe  in  tempei&ture: 
in  Uaa  the  effect  does  not  exist. 

Thomson-Houston  Dynamo. — A  special 
form  of  arc  lighting  machine  having  an 
open  coil  armature,  special  commutator, 
and  an  automatic  regulation  by  the  shifting 
of  the  brushes. 

Thorium. — A  rare  white  metal,  specific 
gravity  11,  which  has  not  been  melted. 
Its  compounds,  as  in  the  ordinary  Wels- 
bach  mantle,  are  radio-active,  though 
doubt  exists  as  to  the  radio-activity  of 
thorium  itself. 

Three  Bladed  Switch. — A  knife  switch 
having  three  blades  for  the  simultaneous 
control  of  three  circuits. 

Three  Cornered  Repeater. — In  teleg- 
raphy, an  automatic  repeater  for  repeating 
a  message  from  one  wire  into  two  or  more 
other  wires. 

Three  Cylinder  En^^es. — ^In  steam  en- 
gineering, these  majr  be  divided  into  two 
main  classes,  those  m  which  the  cylinders 
are  placed  at  an  angle  of  120^  to  each 
other,  and  those  in  which  they  are  ranged 
side   by   side.    The  pistons   of   three 

cylinder  engines  being  in  equilibrium,  there  is  no 
balancing  of  reciprocating  parts  required,  aod 
they  can  be  run  at  a  much  higher  speed  and 
steadier  than  engines  of  the  ordinary  redprocatixig 
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type.  Hence,  they  are  employed  for  driving 
dynamos,  centrifugal  pumps,  circulatingpumpe, 
and  high  speed  machinery,  generally.  The  fore- 
going relates  to  engines  having  three  high  press- 
ure cylinders  of  equal  size,  and  does  not  cpply  to 
a  three  cylinder  triple  expansion  engine  with 
respect  to  the  balancing  features. 

Three  Filajnent  Incajidesceiit  Lamp. 

— ^An  incandescent  lamp  designed  for  use 
with  three  phase  currents,  having  three 
filaments  jomed  at  their  inner  ends  and 
connected  to  three  leading  in  wires  from 
the  three  wires  of  the  circuit. 

Three  Part  Commutator. — A  commuta- 
tor composed  of  three  segments. 

Three  Phase  Alternator. — An  alter- 
nating current  dynamo  which  produces 
three  single  phase  alternating  E.  M.  Fs. 
differing  in  phase  from  each  otner  by  120°. 
This  phase  difference  is  due  to  the  relative 
position  of  the  three  windings  upon  the 
armature. 

Three  Phase  Armature. — An  armature 
so  wound  as  to  produce  three  phase  cur- 
rents; a  triphase  armature. 

Three  Phase  Armature  Winding. — 

1.  The  alar  winding,  represented  by  the 
symbol  Y,  in  which  one  end  of  each  coil  is 
connected  to  the  main  leads,  the  free  ends 
of  the  coils  being  connected  together. 

2.  The  triangle  or  meah  winding,  represented  by 
tile  symbol  a  ,  in  which  the  coils  are  connected  so 
•8  to  form  a  triangle,  with  the  three  main  leads 
connected  to  the  comers  of  the  triangle. 

Three  Phase  Circuit. — An  electric  cir- 
cuit for  transmitting  three  phase  currents; 
a  tripkase  circuit. 

Three  Phase  Current. — An  alternating 
electric  current  in  which  three  electro- 
motive forces  are  invariably  120®  apart. 
Three  phase  currents  are  largely  used  in 
power  transmission  systems. 

Three  Phase  Meter. — ^An  electric  meter 
employed  m  a  three  phase  system. 

Three  Phase  Motor. — A  motor  driven  by 
three  phase  currents;  a  triphase  motor. 

Three  Phaser. — A  dynamo  generating 
three  phase  alternating  currents;  a  three 
phase  alternator,  dynamo,  or  generator. 

Three  Phase  Rotary  Converter. — A 

dynamo  for  generating  three  phase  alter- 
nating currents  as  well  as  direct  currents. 


Three  Phase  Rotary  Field. — ^A  rotary 
magnetic  field  created  by  three  phase 
currents. 

Three  Phase  System. — ^An  alternating 
current  system  transmitting  three  alter- 
nating currents  of  the  same  frequency,  but 
differing  in  phase  by  one-third  of  a  period; 
a  triphase  system. 

Three  Phase  Transformer. — A  group  of 
three  single  phase  transformers  employed 
in  the  transformation  of  pressure  in  a 
three  phase  system. 

Three  Phase  Two  Phase  Trans- 
former.— A  transformer  system  for  con- 
verting three  phase  into  two  phase  cur- 
rents. 

Three  Phase  Working^. — ^The  operation 
of  a  three  phase  system. 

Three  Point  Switch. — A  switch  provided 
with  three  contacts;  o  three  way  switch. 

Three  Throw  Crank.^A  shaft  having 
three  cranks  forged  upon  it  at  angles  of 

'  120**  for  driving  three  valves,  or  buckets 
or  pistons,  ana  used  chiefly  for  pumps. 
The  cranks  being  so  arranged,  are  in 
equilibrium  in  anjr  position,  and  can  be 
run  smoothly  at  a  high  rate  of  speed  and  also 
started  in  any  position.  This  sequence  of  cranks 
is  generally  used  with  triple  expansion  engines, 
producing  an  almost  uniform  torque;  the  order  ot 
turning  being,  high  pressure  crank  leading,  and 
intermediate  and  low  pressure  cranks,  respect- 
ively, following. 

Threeway  Cock. — A  cock  having  three 
branches  or  passages  for  the  delivery  of 
the  fluid  passmg  through  it. 

Threeway  Frog^. — A  frog  inserted  in  a 
trolley  wire  at  a  point  where  two  branches 
turn  off  from  the  main  line. 

Threeway  Plug^. — In  a  multiple  telephone 
switchboard,  a  plug  provided  with  three 
contacts,  viz.,  tne  tip,  the  sleeve  and  the 
ring, 

Threeway  Switch. — A  form  of  switch  by 
means  of  which  a  circuit  may  be  closed 
through  three  contacts;  a  three  point 
switch. 

Threeway  Trolley  Frogf. — ^A  frog  sus- 
pended in  a  trolley  line  for  properly  guiding 
the  trolley  wheel  at  a  point  where  the 
track  spUts  into  three  branches. 


Threeway  Trolley  Switch, 


456 


Thunder  Storm, 


Threeway  Trolley  Switch.— ^In  an  deo- 
tric  railroad,  a  switch  at  a  point  in  the  track 
where  two  branches  join  the  main  line; 
a  three  point  atffitch. 

Three  Wire  Cirenit. — ^The  circuit  em- 

Sloyed  in  a  three  wire  system  of  electrical 
istribution. 

Three  Wire  Distributing  Board.— A 

distributing  board  employed  in  connection 
with  a  three  wire  system. 

Three  Wire  Mains. — ^The  plus  and  minus 
mains  in  a  three  wire  system. 

Three  Wire  Meter. — ^A  meter  designed  to 
measure  electrical  supply  in  a  three  wire 
system  of  distribution. 

Three  Wire  Multiple  Switchboard. — 

A  telephone  switchbocurd,  known  as  the 
"brancn  terminal  multiple."  in  which 
three  distinct  line  circuits  enter  each  sec- 
tion of  the  board. 

Three  Wire  Switchboard. — ^Any  switch 
board  employed  in  a  three  wire  system. 

Three  Wire  S^tem. — ^A  system  of  ele'c- 
trical  distribution,  especially  in  incandes- 
cent lighting,  employing  two  dynamos 
joined  in  series  and  connected  at  their  free 
terminals  to  the  positive  and  negative 
mains,  respectively,  between  which  a 
neutral  or  balance  wire,  usually  smaller 
than  the  mains,  is  introduced  and  joined  to 
the  junction  of  the  dynamos. 

Three   Wire    Telephone    System. — A 

branch  terminal  multiple  system  in  which 
three  wires  are  provided  for  each  line 
extending  through  the  multiple. 

Three  Wire  Two  Phase  Circuit.— A 

transmission  circuit  for  two  phase  currents 
employing,  instead  of  four  wires,  three 
wires,  one  of  which  acts  as  the  common  re- 
turn for  the  other  two. 

Three  Wire  Working.— Electric  distri- 
bution by  the  three  wire  sjrBtem. 

Throttling  Oovemor.  —  A  controlling 
mechanism  applied  to  a  steam  or  gas 
engine,  which  operates  by  varying  the 
rate  of  supply  ot  working  fluid  supplied 
to  the  machine.  In  steam  engines,  a 
valve  contracts  the  supply  passage  accord- 
ing to  the  demand:  with  gas  engines,  similar 
valves  vary  either  the  amount  of  gas  admitted  or 


tile  quantity  of  mixture  supplied:  the  fint  behg 
known  as  qyalitative,  the  aeoona  as  gHQwItfailiy 
gpveming. 

Threngfh  Cireult. — A  telegraph  or  tele- 
phone circuit  completed  to  a  distant  sta- 
tion for  direct  communication. 

Throuf^h  Xdne. — In  telegraphy,  a  line  for 
direct  communication  between  terminal 
stations,  as  distinguished  from  a  way  line. 

Threuf^h^  Trallle. — In  telegraphy,  direct 
oommunication  between  terminal  stations 
as  distinguished  from  vHiy  traffic 

Throne  Back  Indicator. — An  annunci- 
ator provided  with  electrically  self-restoring 
drops. 

Threw  of  Needle. — An  impulse  given  to 
the  needle  of  a  ballistic  galvanometer  by  the 
passage  of  electric  discharge  throu^  the 
coils  before  the  inertia  of  the  needle  is  over- 
come. 

Throw   Over   Reversing   Switch. — ^A 

double  throw  switch  for  reversing  a  current. 

Throw    Over    8tartin|f    Switch. — A 

double  throw  switch  few-  starting  a  motor. 

Throw  Over  Switch. — ^A  knife  switch 
which  may  be  thrown  over  into  either  of 
two  opposite  sets  of  contacts;  a  double 
throw  switch. 

Thumb  Cock  Electric  Burner. — ^A  gas 

burner  which  is  ignited  bv  a  wipe  spark 
produced  by  the  turn  of  the  thumb  oock« 

Thumb  Nut. — ^A  nut  fitted  with  projecting 
wings,  so  that  it  may  be  loosened  or 
tightened  by  hand.   A  tring  nuL 

Thumb  Screw. — ^A  screw  furnished  with  a 
large  winged  head,  in  line  with  its  axis,  so 
that  it  may  be  manipulated  with  thumb 
and  finger. 

Thunder. — ^The  report  which  follows  a  dis- 
charge of  lightning,  caused  probablv  by  the 
heat  of  the  air  in  the  region'  of  the  flash 
producing  sudden  expansion  and  com- 
pression, followed  by  a  swift  burst  of  air 
mto  the  rarefied  space. 

Thunder  Storm. — A  rain  storm,  during 
which  the  electricity^  carried  by  the  clouds 
passes  to  the  earth  in  disruptive  discharges 
m  the  form  of  lightning,  accompanied  by 
thunder. 
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Ticker. — A  printing  telegraph  employed 
tor  reporting  stock  quotations,  race- track 
information,  etc.  The  message  is  printed 
out  in  full  in  the  ordinary  alphabet  upon 
a  strip  of  paper.  Toothed  wheels  with 
letters  and  numerals  upon  their  periph- 
eries operate  under  oontrol  of  an  electromagnet 
and  Hignftllng  key.  When  the  key  is  depressed 
at  the  sending  station  the  whceb  of  the  receiving 
machine  cease  to  rotatei  and  an  electromagnet 
presses  the  paper  tape  against  the  tooth  uiat 
stops  opposite.    It  is  usually  called  ttock  ticker. 

Ticket  Operator. — In  a  telephone  ex- 
change, an  operator  who  keeps  a  record  of 
the  calls  on  suitable  tickets. 


Tie  Bars. — In  railway  track  construction, 
flat  iron  bars  extending  at  right  angles 
between  the  rails  at  intervals  of  six  feet,  to 
prevent  spreading  of  the  track. 

Tie  Feeder. — A  sub-feeder  for  connecting 
a  trolley  wire  with  the  feeder  proper. 

Tie  Line. — ^An  electric  conductor  employed 
for  the  sole  purpose  of  conveying  current 
between  two  points  in  a  system  in  order  to 
equalize  pressures. 

Tie  Wire. — In  pole  line  construction,  a 
piece  of  wire,  usually  about  sixteen  incnes 
m  length,  for  tying  the  line  wire  to  an 
insulator. 

Tig^htenin^  Pulley. — One  which  rests 
against  the  belt  in  order  to  tighten  it,  to 
increase  its  frictional  adhesion  to  the  pul- 
leys over  which  it  runs. 

Timber. — A  single  piece  or  squared  stick 
of  wood  for  building^  or  already  framed; 
the  larger  pieces  or  sticks  of  wood,  forming 
the  framework  of  a  house,  ship  or  other 
structure,  in  distinction  from  the  covering 
or  boarding;  the  material  for  any  structure; 
lumber  dressed  for  use. 

Timber  Measurement. — ^Timber  is  meas- 
ured in  various  ways.  By  the  superficial 
foot,  reckoned  as  one  inch  thick,  as  in 
Doards;  by  the  cvibic  foot,  as  in  logs  or 
beams;  by  the  load,  as  in  wholesale  deal- 
inSf  ^y  the  hundred,  as  in  deals  and  bat- 
tens. 

Timber  PreserratiTe. — A  solution  in- 
jected into  the  pores  of  wood  to  prevent 
rot  and  preserve  it  from  the  attacks  of 
insects.  In  the  "Ferrell"  process,  sul- 
phate and  chloride  of  aluminum  are  em- 
ployed;  various   metallic   salts,    such   as 


bichk>ride  of  mercury,  sulphate  of  copper  and 
zinc  chloride  have  been  also  tried.  Ihe  best  of 
all  preservatives  is  creoaote,  6eas<med  timber  is 
placed  in  a  long^  closed,  wrought  iron  cylinder, 
irom  which  the  air  is  exhausted;  creosote  at  120^ 
F.  is  then  pumped  in  until  a  pressure  of  170  Ibft. 
per  sq.  inch  is  attained.  Soft  wood  will  absoib  a 
maximum  of  12  lbs.  creosote  per  cubic  foot,  very 
hard  woods  not  more  than  three  lbs.  Timber 
must  always  be  well  seasoned  before  painting,  as 
the  coat  of  paint  tends  to  imprison  moisture, 
Ttfidering  the  wood  liable  to  rot. 

Timbre. — ^The  quality  of  sound  dependent 
upon  the  form  of  the  sound  wave.  It 
does  not  depend  upon  the  frequency  or 
rate  of  vibration,  as  does  the  fitch,  nor 
upon  the  amplitude  of  the  wave,  like  the 
loudness,  but  upon  the  number  of  over- 
tones superimposed^  on  the  fundamental 
tone,  and  their  relative  intensities. 

Time  Ball. — A  ball  suspended  from  a  sl:iiT 
in  a  conspicuous  position,  which  drops  at 
the  exact  hour  oi  noon  by  the  electrical 
action  of  a  standard  clock,  thereby  in- 
dicating the  exact  time  to  the  community. 

Time  Constant. — ^In  an  electric  circuit, 
the  time  (in  seconds)  which  must  elapse 
from  the  moment  the  circuit  is  completed 
before  the  current  attains  .634,  or  nearly 
two-thirds,  of  its  full  strength;  it  is  eaual  to 
the  self-inductance  (in  henries)  divided  by 
the  resistance  (in  ohms)  of  the  circuit. 

Time^  Cut  Out. — A  cut  out  which  auto- 
matically removes  an  apparatus  from  a 
circuit  at  the  expiration  of  a  given  time, 
especially  for  cutting  out  a  storage  battery 
when  fuily  charged. 

Time  Detector. — An  electrical  apparatus 
for  recording  the  time  a  person,  as  a  nigLt 
watchman,  arrives  at  a  point  in  his  rounds 
and  makes  or  breaks  the  circuit  which 
operates  the  register. 

Time  Electric  Meter. — A  meter  for  meas- 
uring the  length  of  time  during  which  an 
electric  current  of  constant  strength  is 
supplied  to  a  consumer. 

Time  Fall  of  Secondary  CelL— The  fall 
of  electromotive  force  delivered  by  a 
secondary  or  storage  cell  as  it  becomes 
spent. 

Time  Gun. — A  signal  gun  which  is  elec- 
trically connected  with  a  standard  clock, 
so  that  it  is  discharged  at  a  given  time,  as  at 
s\mrise  or  sunset. 

Time  Laflf  of  Ma^netiiation. — A  pecul- 
iar quality  of  an  iron  core,  such  as  an  arma- 
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ture  core  undergoing  rapid  reversals  of 
magnetism,  by  which  there  occurs  an  ex- 
penditure of  energy  which  is  converted 
mto  heat.  This  loss  of  energy  is  due  to  the 
work  required  to  change  the  position  of  the  mole- 
cules of  the  iron,  and  takee  place  both  in  ihe 
process  of  magnetiKing  and  demaipetising;  the 
maisnetiBm  in  each  case  l>igging  behind  the  force; 
hysteresis. 

Time  niomiiubtioii*  — The  quantity  of 
light  furnished  in  a  given  time. 

Time  Limit  Relay. — A  relay  for  operating 
a  circuit  breaker  after  a  predetermined 
time.  It  is  provided  with  a  time  lag  de- 
vice which  retards  its  action  for  a  time, 
depending  on  the  extent  of  the  overload. 

Time  of  Vibration. — ^In  vibratory  or  wave 
motion,  the  time  it  takes  to  complete  a 
single  cycle  of  vibration. 

Timer. — A  device  forming  a  part  of  the 
jump  spark  ignition  system  of  internal 
comoustion  engines.  It  consists  of  a  re- 
volving switch  operated  by  the  engine, 
and  has  a  contact  point  for  each  cylinder 

which  the  switch  in  revolving  makes 
and  breaks  the  primary  circuit  at  such  times 
as  the  secondary  current  is  required  for  the 
production  of  the  spark. 

Time  Relay. — In  a  stock  ticker  system,  a 
relay  for  the  purpose  of  delaying  for  an 
instant  the  rotation  of  the  tvpe-wheel  until 
the  letter  or  figure  is  correctly  printed  upon 
the  tape. 

Time  Rise. — ^The  rise  of  electromotive  force 
experienced  by  a  secondary  or  storage  cell 
during  the  process  of  charging. 

Time  Signal. — 1.  A  telegraphic  signal 
given  from  an  observatory  to  distant 
points,  electrically  connected  therewith,  to 
mdicate  standard  time  at  noon  or  some 
other  convenient  hour,  thus  ensuring  cor- 
rect and  uniform  time  at  all  points. 

2.  A  signal  given  by  time  ball,  cannon,  etc.. 
to  indicate  a  certain  known  hour,  generally  noon« 
or  six  P.  M.,  thus  giving  a  standard  time. 

Time  S'witch. — A  self-acting  switch  con- 
trolled by  a  clock  so  that  a  circuit  may  be 
opened  or  closed  automatically  at  a  given 
tmie. 

Time  Teleg^ra'Pl^y* — A  system  of  teleg- 
raphy by  whicn  the  exact  time  is  simul- 
taneously indicated  at  various  points  by 
electric  signals  from  a  standard  clock. 


Timing^. — 1.  In  mechanics,  the  regulation 
of  the  parts  of  a  machine  so  that  all  the 
motions  shall  take  place  in  due  time  and 
place. 

2.  The  system  or  process  by  means  of 
which  the  moment  of  ignition  is  regulated, 
in  an  internal  combustion  engine. 

3.  The  arran^em&it  of  the  ignition  period, 
more  especially  m  a  multi-cylinaer  ^igine:  an 
analogous  expression  to  wUve  setting  in  regard  to 
a  steam  engine. 


g  I«ever. — ^A  lever  fitted  to  motor 
vehicles  by  means  of  which  the  time  of 
ignition  is  advanced  or  retarded,  or  as  it  ia 
frequently  termed,  the  spark  lever,  because 
it  control  the  timing  of  the  electric  spark. 

Tin. — 1.  In  mechanics,  thin  plates  of  iron 
covered  with  tin. 

2.  In  chemistry,  one  of  the  few  elemen- 
tary 8td)8tances  of  which  the  world  is  com- 
posed. It  is  foimd  as  an  oxide,  and  reduced 
into  a  malleable,  fusible,  soft,  white, 
lustrous  metal,  ana  used  for  nimierous  pur- 
poses. 

Tin  has  a  specific  gravifor  of  7.29,  melts  at 
450°  Fahr.;  is  very  malleable,  being  capable  of 
being  beaten  and  rolled  into  Hn  ;bti,  out  Deoomes 
brittle,  at  390°  F.  It  forms  part  of  many  impor- 
tant alloys;  with  copper  to  form  bronze  or  gm 
metaU  with  antimony  to  constitute  Britanoia 
metal;  with  vanring  pix>portiona  of  lead.^to  make 
pewter  and  solder;  sheet  iron  or  steel  is  coated 
with  it  to  form  tin  plate.  Cast  refined  tin  in 
ingots  is  known  as  block  tin;  when  heated  to  the 
temperature  at  which  it  becomes  brittle,  it 
constitutes  grain  tin. 

Tin  Bath. — 1.  In  plating  by  the  dipping 
process,  the  bath  of  molten  tin  into  wnich 
the  sheet  of  iron  is  immersed.  ' 

2.  In  electroplating  with  tin,  the  solu- 
tion of  tin  salt  in  which  the  obiect  to  be 
coated  is  suspended  as  the  cathode. 

Tin  Chloride. — Stannous  chloride,  or  tin 
salt.  A  white  crystalline  salt  readily 
soluble  in  water.  On  fusing  it  forms  a 
solid  opaque  mass  of  a  pale  yellow  color. 
In  electroplating,  it  serves  in  the  prepara- 
tion of  brass,  bronze  and  tin  baths. 

Tin  Foil. — ^Tin  or  some  alloy  resembling  tin 
rolled  into  very  thin  sheets.  Tin  foil  is 
largely  used  in  making  condensers  and  for 
coating  Leyden  jars. 

Tinned  Cable. — ^A  cable  having  a  coating 
of  tin  outside  of  the  lead  sheath  to  protect 
the  lead  from  chemical  action  in  under- 
ground work. 

Tin  Plate. — ^Thin  sheets  of  soft  iron  or 
mild  steel  which  have  been  coated  with 
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tin  by  dipping  in  a  bath  of  melted  tin  which 
serves  to  protect  the  iron  from  rust  and 
gives  it  a  bright  surface.  After  prelimi- 
nary scaling,  hy  dilute  hydrochloric  acid, 
heatins*  hammenns  and  rolling,  the  plates  are 
pickled,  first  in  acidulated  bran,  then  in  a  solution 
of  sulphuric  acid.  This  is  followed  by  a  clean 
water  bath  and  scouring  with  sand  and  nemp.  A 
number  of  plates,  previously  greased,  are  plungjsd 
for  an  hour  or  more  in  a  bath  of  molten  tin, 
whose  surface  is  protected  against  oxidation  by 
a  thick  layer  of  tallow.  Upon  removal*  after 
draining  in  an  iron  rack,  the  sheets  are  placed  in 
a  second  bath  from  which  thev  are  taken  out 
singly,  swept  with  a  hemp  bnisn,  and  dipocd  a 
third  time  to  remove  the  brush  marks.  Next, 
thev  are  dipped  into  melted  tallow,  and  allowed 
to  drain  once  more.  Following  thU.  the  plates  are 
dipped  into  a  pot  containing  a  little  tin,  which 
melts  off  the  list  or  rim  of  tin  a1on|C  either  end; 
the  grease  is  removed  by  nibbing  with  diy  bran; 
the  plates  are  finally  sorted  and  boxed  for  world- 
wide consumption. 

Tin  Plating. — ^The  coating  of  iron  or  steel 
with  tin  to  protect  it  from  oxidization  and 
to  provide  a  bright  surface.  The  iron  is 
first  cleaned  by  pickling  and  then  dipped 
into  a  bath  of  melted  tin. 

Titanium  Lamp. — ^A  form  of  incandescent 
lamp  having  a  filament  composed  of  the 
carbide  of  the  metal  titanium  prepared  in 
an  electric  furnace.  The  filament  is  strong 
and  elastic  and  much  shorter  than  that  of 
carbon.  Tests  show  initial  watts  per 
candle  of  2  53  and  final  3.35  at  the  end  of 
1000  hours. 

T.  P.  M. — Abbreviation  for  turns  per 
minute, 

Tobin  Bronse. — A  non-corrosive  bronze  of 
great  tensile  strength,  capable  of  being 
forged  at  a  dark  red  heat;  much  used  in 
marine  work.  It  consists  of  copper  59. 
parts,  tin  2.16,  zinc  38.40,  iron  .11  and  lead 
.31. 

Toe  of  Grapnel. — One  of  the  flukes  or 
claws  of  a  grapnel. 

Toepler  Influence  Machine. — A  type 
of  static  electric  machine  consisting  of  two 
varnished  glass  discs,  one  fixed  and  the 
other  rotating  before  it,  and  carrj-ing  me- 
tallic buttons  mounted  on  tin  foil  upon  its 
faces,  from  which  the  charges  are  drawn  off 
by  collecting  combs;  a  modified  form  of  the 
Uoltz  influence  machine, 

Togjgfle  Joint. — ^An  elbow  joint;  a  mech- 
anisni  common  in  many  forms  of  presses 
and  in  stone  crushers;  by  its  action  it 
gives  an  enormous  mechanical  advantage. 
It  consists  of  two  rods  or  plates  hinged 


together  and  employed  to  transmit  a  vary- 
ing force  by  sicfe  pressure  on  the  hinge, 
which  is  called  the  knuckle  or  knee  from 
its  resemblance  to  the  knee  of  a  man. 

Toll  Lines. — In  telephone  circuits,  the 
term,  ''toll  line,"  is  used  to  designate  a 
trunk  line  between  exchanges,  which  may 
have  a  number  of  private  telephones 
bridged  in  its  length,  or  where  a  party 
line  telephone  circuit  has  its  terminals  in 
a  central  exchange  switchboard.  This  designa- 
tion is  said  to  be  aerived  from  tJbe  fact  that  each 
separate  telephoner  on  the  circuit  is  chari^ed  for 
every  occasion  on  which  he  uses  the  line,  just  as 
formerly  persons  driving  on  country  roads  paid 
a  designated  fee,  at  the  various  toll  gates  uiey 
might  pass,  for  the  maintenance  and  repair  of  the 
highway.  Also,  where  the  term  is  applied  to  a 
trunk  Ime,  as  stated  above,  it  is  proper  from  the 
fact  that  such  lines,  frequently  leading  to  ex- 
changes conducted  by  other  companies,  involve 
an  additional  **toll,"  or  charge,  to  the  subscribers 
using  them. 

Toll  Station. — ^A  telephone  public  pay 
station. 

Toll  System. — ^A  system  of  charging  for 
telephone  service  according  to  the  number 
of  caUs  sent,  as  distinguished  from  a  yearly 
rental. 

Tone.— A  musical  sound  resulting  from 
periodic  vibrations,  as  opposed  to  noise. 

Ton^^e  of  Relay. — In  telegraphy,  the 
lever  upon  which  the  armature  of  the  relay 
electromagnet  is  mounted,  and  which 
carries  the  contact  point. 

Tooling* — Passing  a  hot  tool  over  the  sur- 
face of  the  rubber  covering  for  a  wire  joint 
for  the  purpose  of  properly  shaping  it. 

Toothed  Core  Armature. — A  laminated 
armature  built  up  of  toothed  core  disc?. 

Toothed  Core  Discs. — Metal  discs  for 
building  up  laminated  armature  cores, 
having  notches  cut  in  the  circimiference, 
resulting  in  a  succession  of  projecting 
teeth. 

Top  Hat  Curve. — A  curve  of  electromotive 
force  or  current  which  has  nearly  constant 
value,  suggesting  in  shape  a  high  hat. 

Torch. — 1.  In  construction,  a  flaring  lamp 
producing  a  bright  fight  which  cannot 
easily  be  blown  out;  it  usually  consists  of  a 
large  lamp  burning  naphtha  or  some  other 
volatile  hydrocarbon. 
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2.  Any  ]x>rtable  lamp  with  its  burner  on  top 
of  the  container,  which  has  a  vertical  flame*  not 
requiring  a  chimney  to  thield  it. 

3.  A  blow  pipe  lamp  burning  gasoline,  etc., 
employed  by  plimibera  to  heat  wiped  joints,  or 
by  pamters  to  bum  off  old  paint;  also  for  blow 
pipe  brazing,  etc 

Toroid. — ^A  surface  generated  by  the  revo- 
lution of  a  closed  plane  curve  about  an 
axis  lying  in  its  plane;  also  called  tore. 

Toroidal  CoiL — ^A  coil  so  wound  as  to 
form  a  toroid. 

Toroidal  Current  Sheet. — ^An  electric 
current  conceived  of  as  flowing  in  the  form 
of  a  toroid. 

Torpedo  Cable. — ^A  cable  connected  with 
a  torpedo  in  order  to  explode  it  by  elec- 
tricity. 

Torpedo,  Electric. — ^A  torpedo  propelled, 
exploded,  or  in  any  way  operated  by  elec- 
tricity. 

Torpedo  Nets. — Heavy  wire  nets  sus- 
pended about  a  war  ship  at  anchor  in  order 
to  protect  it  from  torpedo  attack. 

Torque. — ^The  value  of  a  couple  of  forces 
tending  to  produce  rotation;  it  is  the  pro- 
duct of  one  of  the  two  forces  by  the  per- 
pendicular distance  between  the  directions 
of  the  forces;  the  moment  of  couple. 

Torque  ElBciency. — ^The  ratio  of  the 
actual  torque  of  a  motor  to  the  torque 
which  it  would  exert  if  free  from  frictional 
resistance. 

Torricellian  Vacuum. — ^The  vacuum  pro- 
duced by  filling  with  mercury  a  tube  closed 
at  one  end.  and  immersing  tne  open  end  in 
a  vessel  or  mercury,  so  that  the  mercury 
in  the  tube  descends  until  it  is  counter- 
balanced by  the  atmospheric  pressure  upon 
the  mercury  in  the  vessel.  It  is  the  space 
existing  in  the  tube  of  a  barometer  above 
the  surface  of  the  mercury. 

Toraiometer. — ^An  instrument  to  measure 
the  stress  to  which  a  bar  ia  subject  when 
in  torsion,  or  under  twisting  strain. 

Torsion. — 1.  In  mechanics,  that  force 
with  which  a  thread,  wire,  or  rod  of  any 
material,  returns,  or  tends  to  return,  to  a 
state  of  rest  after  being  twisted. 

2.  The  act  of  turning  or  twisting  or  the 
state  of  being  twisted. 


Torsional  Strain. — ^Tbe  effects  set  up  in 
a  body  by  a  torsional  stress  which  tends  to 
rupture  it  by  twisting  one  fiber  around 
another. 

Torsional  Strenf^. — ^Resistance  to  being 
twisted  or  wrenched  off,  in  a  direction 
about  its  axis;  as,  in  case  of  shafting. 

Torsional  Vibration. — The  vibration  pro- 
duced in  a  thread  or  filament  by  the  appli- 
cation of  a  twisting  force. 

Torsion  Balance. — ^An  instrument  for 
determining,  by  the  torsion  of  a  wire,  the 
action  of  the  forces  of  attraction  and  re- 
pulsion exhibited  between  two  electrified 
spheres;  Cotdomb^s  balance. 


Galvanometer. — A  galvanom- 
eter in  which  the  strength  of  an  electric 
current  ia  measured  by  the  torsion  produced 
upon  the  filament  suspension  of  the  needle. 

Torsion  Suspension. — ^A  delicate  method 
of  suspending  a  needle  for  sensitive  move- 
ments, as  in  a  galvanometer,  by  a  filament 
of  silk  or  fiber  of  quartz;  fiber  enspension. 

Total  Contact. — A  fault  produced  in  a 
circuit  by  the  accidental  metallic  contact 
of  any  part  of  it  with  a  good  conductor; 
afvU  contact. 

Total  Current  PaneL — ^In  a  power 
station  switchboard,  a  panel  in  wmch  are 
the  appliances  for  controlling  the  total 
current  output  of  the  station. 

Total  Disconnection. — ^A  complete  break 
in  an  electric  circuit. 

Total  Earth. — In  telegraphy,  a  fault  in  the 
Une  involving  a  complete  grounding  or 
connection  with  the  earth;  a  dead  earth. 

Total  Efficiency  of  Arc  Lamp. — The 

ratio  between  the  luminous  energy  radiated 
and  the  total  energy  transformed  in  the 
arc. 

Total  Heat. — ^In  steam  engineering,  total 
heat  is  a  term  used  in  calculations:  it 
represents  all  the  heat,  above  32^  Fahr., 
in  a  pound  of  steam.  It  is  the  sum  of  the 
sensiole  heat  units  in  the  water,  above  32^ 
Fahr.,  and  the  latent  heat  of  the  steam. 

Total  Magnetic  Induction. — ^The  sum 
of  the  magnetic  lines  of  force  surrounding  a 
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magnetized  bodv  and  the  lines  passing 
through  that  body. 

Total  Pressure. — ^The  pressure  of  steam 
above  vacuum,  also  called  absolute  pressure. 

Total  Reslstanee* — A  resistance  equal  to 
the  sum  of  all  the  resistances  existing  in  a 
circuit. 

Tourmaline* — ^A  mineral  occurring  in  crys- 
talline form,  exhibiting  pyro-electric  pro- 
perties in  a  hi^  degree. 

Tourniquet* Electric. — ^Alight,  delicately 
poised  wheel  with  radiations  terminating  in 
points  bent  at  right  angles  in  the  same 
direction;  when  connected  with  a  source 
of  electricity,  it  spins  rapidly  on  account 
of  the  discharge  of  convection  streams  from 
the  points  resisting  the  surrounding  air; 
a  reaction  wheel. 

Tower*  Electric. — 1.  A  tower  illuminated 
by  electric  lamps  for  an  electrical  display. 
2.  A  tower  for  canying  a  cluster  of  arc 
lamps,  in  the  tower  system  of  lighting. 

Tower  System  of  Electric  Lifi^htin^. — 

A  method  of  Ughting  a  considerable  area 
by  a  group  of  arc  lamps  carried  on  the  sum- 
mit of  a  tower  instead  of  by  independent 
lamps  distributed  over  the  territory. 

Tower  Wag^n. — ^In  an  overhead  trolley 
svstem,  a  repair  wagon  furnished  with  an 
elevated  platform  to  give  workmen  ready 
access  to  the  wires. 

Towiny*  Electric. — ^The  application  of 
electncity  to  the  towing  of  canal  boats. 

T.  P.  Switch. — Abbreviation  for  triple  pole 
switch. 

Track  Bond*  or  Joint. — In  an  electric 
railway  S3rstem,  a  method  of  joining  the 
rails  of  the  track  in  order  to  afford  a  con- 
tinuous electric  circuit.  The  ordinary  fish- 
plates are  inadequate  for  the  purpose,  and 
rail  bonds  have  to  be  employed  to  carry 

the  current  from  one  rail  to  the  next.  Protected 
bonds  are  placed  between  the  channel  plate  and 
the  raiL  while  those  that  are  exposed  by  spanninc 
the  fishplate  are  known  as  umtrotected  bonds. 
They  are  of  many  varieties,  consisting  of  copper 
plates,  strips,  or  wires  and  sometimes  of  amalsam 
Slocks. 

Track  Hangar. — ^A  hanging  support  for 
an  overhead  railway,  upon  which  a  traveling 
crane  or  similar  appliance  may  run.    It 


is  generally  used  in  connection  with  a 
monorail  on  which  run  carrier  trolleys,  by 
means  of  which  weights  are  transported 
from  one  department  of  a  plant  to  another. 

Track  Instmment. — ^An  electric  contact 
device  connected  with  a  railway  track,  so 
that  a  train  closes  the  circuit  m  passing, 
and  gives  a  signal  of  its  approach  at  the 
next  station. 

Track  Switch. — A  switch  at  a  point  in  a 
raihoad  track  where  a  branch  enters  the 
main  line,  by  means  of  which  a  car  may  be 
led  from  one  track  to  the  other. 

Traction*  Electric. — ^The  application  of 
electricity  to  the  propulsion  of  cars  in 
street,  and  other  railway  systems. 

Tractive  CoelBcient. — In  electric  trac- 
tion, the  ratio  between  the  weight  upon  the 
driving  wheels  and  the  tractive  effort. 

Tractive  Effort. — In  electric  traction,  the 
puU  transmitted  by  the  gears  from  the 
armature  shaft  to  the  base  of  the  car 
wheel.  It  is  the  torque  in  pounds  devel- 
oped at  the  rim  of  the  wheels  divided  by 
total  train  weight  in  tons.  It  depends 
upon  the  rate  of  acceleration,  grade,  car 
friction,  and  air  resistance. 

Tractive  Mapiet. — ^An  electromagnet  de- 
signed to  perform  certain  work  by  the 
movement  of  a  plunger.  The  coil  effects 
a  pull  upon  the  plunger  which  is  drawn  in- 
to the  core  chamber  of  the  coil. 

T  Rail. — A  form  of  rail  employed  in  track 
work  on  railroads  where  street  traffic  does 
not  have  to  be  considered.  It  gets  its 
name  for  the  general  resemblance  of  its 
cross  section  to  an  inverted  letter  T. 

Trailer. — In  electric  traction,  any  car  not 
furnished  with  motive  power  coupled  to  an 
electric  car  to  be  drawn  after  it. 

Trailer  GrapneL — In  submarine  cable 
work,  a  second  grapnel  caused  to  trail  be- 
hind the  first  in  dragging  for  a  cable. 

Trailing  Home. — ^The  projecting  edges  of 
the  i)ole  pieces  of  a  dynamo  which  ex- 
tend in  a  oirection  opposite  to  the  rotation 
of  the  armature;  the  poles  towards  which 
the  armature  turns;  foUoydng  horns. 

Train  Describer. — ^An  electrical  device  in 
a  block  system  of  railway  signaling  for  the 
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purpose  of  indicating  the  position  of  an  ap- 
proaching train. 

Train  Wire. — A  special  telegraph  wire  re- 
served exclusively  for  the  purpose  of  des- 
patching trains  in  a  block  railway  system. 

Trajectory. — ^The  curve  described  by  the 
path  of  a  projectile  through  the  air. 

Tram  Car*  Electric — ^An  electric  street 
car. 

Tram  RalL — ^A  name  given  to  a  form  of 
girder  rail  for  street  railway  service  because 
of  a  flat  tram  or  tread  which  forms  an  ex- 
tension of  the  head. 

• 

Tramway*  Electric — An  electrio  street 
railway. 

Transfer  Bus  Bar. — An  auxiliary  bus 
bar  for  transferring  a  feeder  wire  from  one 
bus  bar  to  another  without  shock. 

Transfer  of  Heat. — ^In  steam  engineering, 
refers  specially  to  the  transmission  of 
heat  from  a  boiler  furnace  to  the  water 
within.  Rapiditv  of  circulation  is  neces- 
sary to  prevent  destructive  overheating  of 
the  plates,  which  would  soon  happen  if  the 

heat  transferred  from  the  furnace  were  not  car- 
ried away  rapidly  by  the  water.  The  coating  of 
deposits  of  the  feed  water  and  sooty  accumu- 
lations interfere  with  the  transmission  of  heat. 
Thin  plates  conduct  more^  rapidly  than  thick  ones, 
and  tne  rate  of  transmission  area  is  more  efficient 
than  tube  area,  because  of  the  greater  ccmcen- 
tration  of  heat  there.  The  rate  of  IransmtMnon 
signifies  the  number  of  heat  units  transferred  per 
hour,  but  the  amount  of  heating  surface  will  vary 
in  different  types  of  boilers. 

Transfer  Operator. — A  telephone  opera- 
tor at  the  switchboard  of  a  transfer  sys- 
tem. 

Transfer  System. — A  telephone  system 
dispensing  with  the  multiple  switchboard, 
and  depending  for  its  operation  at  the  ex- 
changes upon  the  transfer  of  a  connection 
from  one  part  of  a  switchboard  to  another 
by  means  of  trunk  lines. 

Transformation. — 1.  The  changing  of  the 
value  of  electric  current  or  pressure  by 
means  of  the  transformer. 

2.  The  changing  of  electrical  energy  into 
mechanical  energy,  or  into  heat  or  light. 

3.  The   changing   of   heat   energy  into 
mechanical  energy. 

Transformer. — An  apparatus  similar  to 
the  induction  coil,  for  tne  purpose  of  trans- 


forming alternating  currents,  usually,  of 
small  quantity  and  high  pressure  into  cur- 
rents of  large  quantity  and  low  pressure: 
it  consists  essentially,  of  two  cons  of  in- 
sulated wire  wound  adjacently  upon  a  soft  iron 
core;  the  primary  coil  of  high  resistance  consist- 
ing of  many^  turns  of  fine  wire  is  connected  to  the 
high  potential  circuit,  and  the  secondary  coil,  con- 
sistiD4S  o^  fewer  turns  of  coarse  wire,  furnishes  the 
current  at  a  reduced  pressure;  the  aUemaiino  cur- 
rent tranaformer.  This  is  a  "step  down"  trans- 
former; in  a  "step  up"  transformer  the  conditions 
are  reveraedf  viz.:  The  primary  winding  being 
made  up  of  a  few  turns  of  coarse  wire  and  the 
secondary  winding,  of  many  turns  of  fine  wire. 
* 

Transformer*  Continnous  Current. — A 

combination  of  dynamo  and  motor  on  the 
same  shaft,  one  receiving  current  and  the 
other  delivering  current,  usually  of  dif- 
ferent voltage,  the  motor  being  employed  to 
drive  the  dynamo  with  a  pressure  either 
higher  or  lower  than  that  received  at  the  motor 
terminals.  In  one  form  two  armatures  are 
mounted  on  one  shaft  in  a  single  field  or  in  sep- 
arate fields;  one  is  a  motor  armature  driven  by 
the  original  current;  the  other  generates  new  cui^ 
rent.  This  is  a  "motor-dynamo,"  and  it  can 
transform  continuous  currents  up  or  down.  An- 
other form  of  dynamotor  is  called  the  continuous 
alternating  transformer.  This  is  arranged  so  as 
to  change  a  continuous  into  an  alternating  cur- 
rent or  the  reverae.  A  dynamotor  or  rotary  con- 
verter. 

Transformer  Diag^ram. — ^A  diagram  giv- 
ing a  record  of  the  working  condition  of  a 
transformer. 

Transformer  Fuse. — A  safety  fuse  in- 
cluded in  the  circuits  of  a  transformer. 

Transformer  Guard. — A  safety  device 
for  grounding  the  secondary  circuit  of  a 
transformer,  if,  through  a  fault  in  the  in- 
sulation, a  contact  is  made  between  the 
primary  and  the  secondary  which  would 
mcrease  the  potential  in  the  secondary  to  a 
dangerous  extent. 

Transformer    Li^htning^    Arrester. — 

A  lightning  arrester  included  in  a  trans- 
former circuit. 

Transformer  Operation. — ^If  two  sep- 
arate coils  of  wire  be  wound  on  an  iron 
bar,  and  a  direct  current  be  passed  through 
one  coil,  no  effect  is  produced  in  the 
other  coil  except  at  the  moment  of  turning 
on  the  current,  but  if  an  alternating 
current  be  used  instead,  a  current  is  at  once  ptx>- 
duced  and  maintained  in  the  second  coil.  "By  a  ' 
very  simple  law  the  pressure  or  voltage  of  the 
two  coils  is  approximately  in  proportion  to  the 
number  of  turns  in  each.  Thus,  tf  the  primary 
coil  be  supplied  with  current  of  1,000  volts,  and 
the  secondary  coil  has  one- tenth  as  many  tuzns. 
the  pressure  in  the  secondary  will  be  approxi- 
mately 100  volts.    By  the  proper  proportion  of 
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the  primary  and  secondary  ooils.  the  voltage  may 
be  raised  to  any  pressure  which  can  be  safely 
transmitted. 

Transformer  Stampliiflfs.  —  Plates 
stamped  from  sheet  steel  and  inserted  in  the 
completed  coils  of  a  transformer  in  the  pro- 
cess of  building  up  the  laminated  core. 

Transformer  Substation, — In.  an  elec- 
tric railway  system  extending  over  a  con- 
siderable area,  it  is  customary  to  distrib- 
ute the  power  in  the  form  of  nigh  tension 
altematmg  current,  and  transform  it  by 
means  of  step-down  transformers  and  ro- 
tarv  converters  to  direct  current  for  feedinjK  the 
trolley  wire.  The  apparatus  for  transforming  is 
located  in  substations  conveniently  situated  for 
meeting  the  demand  for  current  at  different  sec- 
tions ai  the  line.  Portable  substations  consisting 
of  specially  designed  cars  with  complete  substa- 
tion equipment  are  frequently  employed  to  pro- 
vide for  temporary  excessive  use  of  portions  of 
the  line,  as  at  resorts  or  at  the  time  of  sporting 
events,  etc. 

Transforming. — The  process  of  changing 
an  electric  current  of  small  amount  and  high 
pressure  to  one  of  large  amount  and  low 
pressure,  or  the  reverse,  by  means  of  the 
transformer. 

Transforming^  Down. — ^Transforming  a 
current  from  a  high  to  a  low  pressure 
through  a  step  down  transformer. 

Transforming^  Up. — Transforming  from  a 
large  current  at  low  pressure  to  a  small 
current  at  high  pressure  through  a  step  up 
transformer. 

Transient  Currents. — ^Electric  currents 
of  brief  dm*ation. 

Trans  Illumination. — A  means  of  diag- 
nosis in  electro-thera()eutics,  by  throwing 
a  powerful  light  through  the  parts  of  the 
body  under  examination. 

Transit. — In  engineering,  the  survevors* 
transit  is  a  portable  instrument  of  the 
theodolite  kind,  designed  for  measuring 
both  horizontal  and  vertical  angles.  It  is 
provided  with  horizontal  and  vertical 
graduated  circles,  one  or  two  levels,  and  a 
compass,  and  is  mounted  upon  a  tripod 
stand. 

Transition  Layer. — ;A  layer  separating 
the  positive  and  negative  values  of  electric 
or  magnetic  properties  in  a  body. 

Transition  Resistance. — In  electrolysis, 
a  resistance  offered  to  the  electric  current 
by  the  appearance  of  ions  at  the  electrodes. 


Translator,  or  Translator. — ^A  name 
sometimes  given  to  a  telegraph  repeater 
or  relay. 

Translator  Keyv. — ^In  telegraphy,  the 
signaling  keys  of  a  repeater  or  translator. 

Translating  Devices. — Devices  of  vari- 
ous kinds  (^signed  for  utilizing  the  electric 
current  as  it  passes  into  or  through  them: 
eiectro-receptive  devices. 

Translating  Station. — In  telegraphy,  a 
station  in  which  messages  are  repeated 
from  one  line  to  another. 

Translucent. — ^The  quality  of  a  medium 
which  has  tbe  power  of  transmitting  light, 
without  permitting  clear  vision  through  it, 
as  distinguished  from  transparent. 

Translucent    Disc    Photometer.  —  A 

photometer  employing  a  screen  of  some- 
what opaque  paper  made  translucent, 
except  a  central  spot  (or  as  to  a  central 
spot  alone)  by  oeing  saturated  with 
spermaceti,  paraffin,  or  other  suitable  ma- 
terial; the  screen  is  mounted  upon  a  graduated 
scale,  at  one  end  of  which  the  standard  light  is 
fixed,  and  at  the  other  the  light  to  be  compared. 
By  moving  the  screen  along  the  scale  until  the 
spot  becomes  invisible,  the  relative  illuminating 
powers  of  the  two  lights  mur  be  determined  as 
the  square  of  their  distances  from  the  screen;  also 
called  the  Bimsen,  or  gretue  spot  p/iotomeier. 

Transmission. — To  send  through,  or  across, 
transfer.  Up  to  a  certain  limited  distance, 
the  useful  effect  of  the  energy  created  at  a 
certain  point,  can  be  best  and  most  econom- 
ically transferred  by  belting  of  various 
materials,  pulleys  and  shafting.  For  greater 
distances  there  are  four  principal  methods  in  use 
for  the  transmission  of  power:  (a)  electricity,  (b) 
water  (hvdraulio  power),  (c)  air  (pneumatic 
power),  (d)  wire  rope. 

Transmission  Circuit. — ^The  circuit  of 
conducting  wires  employed  to  convey 
electric  power  developed  at  one  station  to 
the  point  at  which  a  motor  is  to  be  driven 
or  other  work  done,  at  a  distant  station. 

Transmission  Dynamometer. — A  dyna- 
mometer which  is  employed  to  measure 
power  in  the  process  of  transmission  from 
Its  source  to  the  point  where  it  is  to  be 
utilized. 

Transmission^  Electric. — The  conve3ring 
of  electric  power  from  a  generating  station, 
by  means  of  transmission  circuits,  to  dis- 
tant stations  where  the  power  is  consumed. 
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Traasmiisioii  Insulator. — A  high  poten- 
tial insulator  for  use  in  transmission  cir- 
cuits. 

Transmission  of  Power. — ^The  convey- 
ance or  transmission  of  energy  from  one 
point  to  another,  more  especially  from  a 
convenient  central  source  of  power  to  the 
point  where  it  is  desired  to  be  applied. 
For  short  distances,  shafting,  oelts, 
pullesrs,  ropes*  etc.*  are  employed;  medium  dis- 
tances may  be  covered  by  wire  rope  transmisaioa: 
longer  distances  may  need  hydraulic  power,  com- 
prcMed  air.  or  electricity.  £ach  tsrpe  of  trans- 
mission has  its  advantajges  for  certain  drcum- 
•taaces. 

Transmitter. — 1.  In  telephony,  the  device 
into  which  the  speaking  is  done  so  that 
undulatory  currents  are  set  up  in  the  line 
by  means  of  which  the  sounds  of  the  voice 
are  transmitted.  The  modem  transmitter 
is  of  the  granular  carbon  type.  It  con- 
tains two  flat  carbon  electrodes,  one  mounted  <m 
a  vibratins  dia];>hragm  and  the  other  stationary. 
Between  Uiem  is  introduced  a  mass  of  granular 
carbon.  The  vibration  of  the  diagram  caused  bv 
the  voice  transmits  variations  in  pressure  throuf^n 
the  electrodes  and  carbon  grains  and  thus  vanes 
the  resistance  of  the  circuit. 

2.  In  telegraphy,  the  key  used  for  sending 
signals  over  the  line.  It  consists  of  a  pivoted 
lever  with  a  finger  piece.  When  deprnsed  it 
doses  tho  circuit  through  the  line,  and  when  re- 
leased it  rises  and  opens  the  circuit,  transmitting 
dot  and  dash  signals  according  to  the  Morse  code. 
8.  In  wireless  telegraphy,  a  sending  key  which 
controls  the  duration  of  the  sparks^  at  the  spark 
gap  thereby  sending  out  the  waves  in  groupo  cor^ 
responding  to  the  oots  and  dsahes  of  the  Moise 


Transmitted  Power. — Power  that  is  con- 
veyed from  a  generating  point  to  a  distant 
place  where  it  is  utilizea. 

Transmittinflf  Station. — In  telegraphy, 
the  point  from  which  a  message  is  sent. 

Transposing.— A  method  of  inter-crossine 
telephone  wires  in  pole  lines  so  as  to  avoid 
electrostatic  induction  between  circuits. 

Transposition. — In  pole  line  construction, 
an  arrangement  of  telephone  wires,  con- 
sisting of  intercrossing  the  different  wires 
at  definite  intervals,  for  the  purpose  of 
eliminating  electrostatic  induction  between 
circuits. 

TraAsposition  Insulator.^ A  double 
grooved  insulator  employed  in  the  trans- 
position of  telephone  lines  in  an  overhead 
circuit. 

Transposition  Wires. — Bridle  wires 
sometimes  employed  in  making  transposi- 


tions, for  bridging  across  from  one  wire  to 
another  at  the  transposition  pole. 

Transverse. — Crosswise  or  in  the  direction 
at  right  angles  to  the  length  of  anything; 
lying  or  being  across  anything;  the  op- 
posite of  longitudinal. 

Transverse  Vibration. — A  vibration 
having  a  direction  at  right  angles  to  the 
length  of  a  vibrating  body,  as  a  string  or 
rod. 

Traveling^  Are. — An  unsteady  arc  some- 
times occurring  between  the  carbons  of  an 
arc  lamp  employing  certain  tvpes  of  rods, 
in  which  the  arc  seems  to  wander  about  the 
ends  of  the  carbons,  producing  a  varying 
Ught. 

Traveling  Crane. — ^A  crab  or  winch 
mounted  on  a  girder  which  spans  a  work- 
shop, or  the  like.  The  crab  can  move 
sidewise  upon  the  traveler,  while  the  latter 
runs  on  rails  up  and  down  the  building. 
In  some  instances.,  the  traveling  crane 
carries  its  own  boiler  and  steam  cyfindens.  in 
others,  the  three  movements  are  taken  care  of  by 
separate  electric  motora.  Other  pUns  are  a  drive 
by  endless  cotton  or  hemp  ropes,  from  the  shop 
shafting,  or  through  a  lay  shaft  and  worm  gear- 
ing, like  the  traverse  idiaf  t  on  a  lathe. 

Traveling  Dynamo. — ^A  dynamo  resting 
upon  a  movable  base. 

TraversiniT  Motor. — ^An  electric  motor 
for  traveling  back  and  forth  ov^  a  short 
distance. 

Tread  of  Car  Wheel. — The  outer  rim  of 
the  car  wheel  apart  from  the  flange. 

Treated    Coked    Filament. — A    coked 

filament  for  an  incandescent  lamp  further 
treated  by  the  flashing  process  to  prevent 
occlusion  of  gases. 

Tree  Insulator. — A  form  of  insulator  by 
means  of  which  an  overhead  wire  may  be 
supported  by  a  tree  without  suffering' any 
strain  from  the  swaying  or  other  motion 
the  tree  may  make. 

Tree  System  of  Parallel  Distribution. 

— ^A  system  of  incandescent  lamp  distri- 
bution in  which  the  mains  and  branches 
are  so  related,  as  to  resemble  the  arrange- 
ment of  the  stem  and  branches  of  a  tree, 
diminishing  in  size  towards  the  extremities 
of  the  circuit. 
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Tree  Wire. — ^A  specially  insulated  wire 
designed  to  resist  injury  from  chafing 
against  trees. 

Treg^ — A  prefix  to^  unit  of  measurement 
to  denote  one  trillion  times  that  unit. 

Tre|radyne« — ^A  unit  of  force  equal  to  a 
triuion  dynes. 

Tvegerg. — A  unit  of  work  equal  to  a  tril- 
lion ergSy  or  nearly  thirty  three  foot  tone, 

Treg^haou — ^A  unit  of  electrical  resistance 
equal  to  a  trillion  ohms. 

Trembler. — A  vibratory  device  used  in 
connection  with  the  jump  spark  method  of 
electric  ignition  for  gasohne  engines;  a 
vibrating  blade  or  spring  having  a  weight 
attached  to  the  end  and  actuated  by  the 
weight  dropping  into  a  recess  in  the  rotor. 
This  causes  the  blade  to  "tremble"  and  make  a 
number  of  contacts  which  connects  and  interrupts 
the  primary  circuit,  so  that  the  coil  produces  a 
seriei  of  sparks  between  the  points,  rather  than 
a  sinicle  flash  at  the  time  of  ignition;  also  called 
a  mechanical  vibrator. 

Trembling  Bell. — ^An  automatic  electric 
vibrating  bell  with  a  self-acting  contact 
breaker;  a  vibrating  bell. 

Trestle. — A  movable  frame  or  support  for 
anything ;  as,  scaffolding,  consisting  of 
three  or  four  legs  secured  to  a  top  piece, 
and  forminfl;  a  sort  of  stool  or  horse,  usea 
by  carpenters,  masons,  and  other  work- 
men; also,  a  kind  of  frame  work  of  strong 
posts  or  piles,  and  crossbeams. 

TreTelyan  Experiment. — An  experiment 
exhibiting  the  thermal  properties  of  metals, 
in  which  ^  piece  of  brass,  called  a  rocker,  is 
heated  to  about  200^  C,  and  caused  to  rest 
on  projecting  edges  in  its  surface  upon  a 
cylinder  of  lead,  the  rocker  then  begins  to 
oscillate  to  and  fro  upon  its  edges,  giving 
forth  a  definite  musical  note. 

Trianflfle  of  Forces. — ^In  physics,  the  tri- 
angukr  figure  which  graphically  rep- 
resents the  magm'tude  and  direction  of 
three  forces  in  eguUibrium  which  are  lying 
in  one  plane. 

Trieon. — ^A  unit  of  length  equal  to  one- 
triUionth  of  a  meter. 

Triero. — A  prefix  to  a  unit  of  measurement 
to  denote  one  trillionth  part  of  that  unit. 

Tricro-ampere. — A  unit  of  current  equal 
to  one  trilhonth  part  of  an  ampere. 


Triero-liftrad. — A  unit  of  electric  capacity 
equal  to  one  trillionth  of  a  farad. 

Tricrohm. — A  unit  of  resistance  equal  to 
one  trillionth  of  an  ohm. 

TriUar  Suspension. — A  suspension,  as  of 
a  needle,  by  three  equally  long  threads  for 
measuring  forces  of  rotation. 

Trigonometrical  Functions. — Certain 
functions  of  angles,  such  as  the  sine, 
tangent  and  secant,  employed  in  trigo- 
nometry in  investigating  the  relations  be- 
tween the  sides  and  angles  of  geometric 
figures. 

TriMuometry. — ^That  branch  of  geometry 
wmch  treats  of  the  relations  of  lines  and 
angles  by  algebraic  methods. 

Trimmer. — ^A  workman  employed  to  renew 
the  carbons  in  arc  lamps. 

Trimming. — 1.     Stripping   the   insulation 
from  a  conductor  and  cleaning  the  surface 
of  the  wire  at  a  point  where  a  wire  junction 
is  to  be  made. 
2.  Renewing  the  carbons  of  an  arc  lamp. 

Trimming  Brushes. — At  certain  inter- 
vals, according  to  the  care  taken  to  reduce 
sparking,  and  the  length  of  time  the 
machine  runs,  the  brushes  will  fray  out  or 
wear  unevenly,  and  will  therefore  need 

trimming.  They  should  then  be  removed 
from  the  brush  holders,  and  their  contact  ends  or 
faces  examined.  If  not  truly  square,  they  should 
be  filed  or  clipped  with  a  pair  of  sheara,  the  coaise 
of  treataient  differing  with  the  type  of  brush. 

If  metal  strip  brushes,  the  feathered-out  ends 
should  be  clipped  square  with  a  pair  of  shears, 
the  ends  thoroughly  cleaned  from  any  dirt  or  car- 
bonized oil,  and  replaced  in  their  holders.  Gauze 
and  wire  brushes  require  a  little  more  attention. 
When  their  position  on  the  commutator  has  been 
well  adjusted  and  looked  after,  so  that  little  or 
no  sparking  has  taken  place,  it  will  generally  be 
found  only  necessary  to  wipe  them  clean,  and  clip 
off  the  fringed  edges  and  comers  w\ih  the  shears, 
or  a  pair  ofstrong  scissors.  If.  however,  the  ma- 
chine has  been  sparking,  the  faces  will  be  worn 
or  burnt  away,  and  probablv  fused.  If  such  is 
the  case,  they  will  need  to  be  put  in  the  filing 
clamp,  and  filed  up  square  and  true,  as  directed 
above. 

If  the  contact  faces  of  the  brushes  are  very 
dirty  and  covered  with  a  coating  of  carbonized 
oil,  etc.,  it  will  be  necessary  to  clean  them  with 
benzoline  or  soda  solution  b^ore  replacing. 

Triode  Working. — ^In  synchronous  multi- 
plex telegraphy,  the  simultaneous  trans- 
mission of  tnree  messages  over  the  same 
wire. 

Trip  Gear.— The  arrangement  of  levers, 
latches,  etc.,  by  means  of  which  the  admis- 
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sion  valves  of  Corliss  steam  engines  are  re- 
leased from  the  valve  gear,  so  as  to  effect 
a  sudden  cut  off  by  the  aid  of  springs, 
steam,  air  pistons,  etc.  The  position  at 
which  the  valves  are  tripped  is  determined 
by  the  governor,  according  to  the  load. 


)• — ^In  alternating  cmrent  work,  a 
term  sometimes  used  for  three-phase.  The 
armature  of  a  triphase  alternator  is  wound 
with  three  sets  of  independent  circuits  in 
which  the  pressure  waves  follow  one  an- 
other with  a  phase  difference  of  120°. 

Triphaser, — A  three-phase  alternator. 
An  a.  c.  generator  having  its  armature 
wound  with  three  independent  circuits, 
generating  electromotive  forces  that  are 
120®  apart,  a  three-phaser. 

Triple. — Consisting  of  three  things  united  or 
of  three  parts;  threefold;  multiplied  by 
three. 

Triple  Carbon  Arc  Lamp. — A  variety  of 
arc  lamp  employing  three  carbons  instead 
of  two. 

Triple  Connector. — A  connecting  sleeve, 
bmding  post,  or  similar  device  for  joining 
the  ends  of  three  wires. 

Triple  Expansion. — A  steam  engine  in 
which  the  expansion  of  the  steam  is 
effected  in  three  stages  by  successive  cylin- 
ders, known  as  the  high  pressure,  inter- 
mediate, and  low  pressure.  The  cranks 
are  usually  at  equal  angles  of  120**;  thus  a 

very  uniform  turning  effort  is  cbtained*  and  the 
temperature  and  pressure  range  of  each  cylinder 
is  not  very  large;  these  factors,  together  with  the 
high  rate  of  expansion,  make  a  veiy  economical 
engine. 

Triple  Petticoat  Insulator. — A  line 
w^ire  glass  insulator  having  three  deep 
flanges  or  petticoats  around  the  base. 

Triple  Pole  Single  Throw  Switch.— A 

switch  which  opens  or  closes  three  circuits 
by  a  single  throw. 

Triple-pole  Switch. — A  switch  which  is 
provided  with  three  contacts  by  which  it 
may  open  and  close  three  electric  circuits: 
a  three-point  switch. 

Triplex  Telephony. — ^A  S3rstem  of  teleph- 
ony in  which  three  messages  may  be  trans- 
mitted simultaneously  over  the  same  wire 
in  one  direction. 


Tripod  Roof  iSnpport. — ^In  overhead  line 
construction,  a  tripod  for  supporting  wires 
running  over  a  roof. 

Tripping^  Coil. — A  coil  in  a  circuit  breaker 
which  trips  or  imlocks  the  spring  which 
controls  tne  contacts,  and  opens  the  circuit 
when  the  current  reaches  a  definite  value. 

Trivalent. — Having  .the  valency,  or  com- 
bining power,  of  three  units;  as,  a  trivalent 
or  triad  atom. 

Trolley. — A  grooved  brass  wheel  carried  at 
the  upper  end  of  a  trolley  pole  and  pressed 
upwards  against  the  under  side  of  the  trol- 
ley wire,  by  which  the  current  is  collected 
and  conveyed  to  the  controlling  switch  of 
an  electric  car. 

Trolley  Base. — A  base  resting  upon  the 
roof  of  a  trolley  car,  upon  which  the  troUey 
pole  is  mounted  in  a  pivoted  frame,  pro- 
vided with  springs  to  press  the  wheel 
against  the  trolley  wire. 

Trolley  Base  Frame. — The  pivoted 
frame  bv  means  of  which  a  trolley  pole  is 
mounted  upon  its  base. 

Trolley  Bus  Bar. — In  a  railway  power 
house,  the  bus  bar  leading  to  the  trolley 
line. 

Trolley  Car. — An  electric  railroad  car  in 
which  the  current  for  the  motors  is  taken 
from  an  overhead  wire  by  means  of  a 
trolley  with  grooved  wheels^  which  is  held 
up  against  the  wire  by  a  flexible  pole.  The 
wires  from  the  contact  wheels  pass  down 
the  pole  to  the  car  controller  and  thence  to 
the  motor,  the  return  circuit  usually  being 
through  the  rails. 

Trolley  Car  Controller. — ^The  switch  by 
means  of  which  the  motorman  of  a  troUey 
car  governs  its  movements:  it  consists 
usually  of  a  vertical  cylinder  containing 
contact  points  pressing  against  flat  springs, 
and  is  operated  by  turning  a  handle  at  the 
top. 

Trolley  Contact.— The  running  contact 
obtained  by  a  trolley  wheel  against  the 
trolley  wire. 

Trolley  Cord. — ^A  cord  attached  to  the 
upper  part  of  a  trolley  pole,  and  hanging 
within  easy  reach  of  the  rear  platform  of  a 
trolley  car,  for  the  purpose  of  reversing  the 
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trolley,  or  for  restoring  it  to  the  line  when 
accidentally  displaced. 

Trolley  Crossing^. — 1.  An  insulated  de- 
vice suspended  at  the  intersection  of  trolley 
wires,  which  permits  the  trolley  on  one 
line  to  pass  another  line  without  electrical 
contact. 

2.  An  uninsulated  guiding  plate  used  at 
crossings,  at  which  the  angle  is  less  than 
75°,  and  protected  by  section  insulators  on 
either  side  of  it. 

Trolley  Cross-over. — ^A  device  employed 
at  the  intersection  of  two  trolley  Imes  to 
carry  the  trolley  wires  past  each  other. 
They  are  made  in  varying  angles  to  suit 
conditions,  and  are  sometimes  provided 
with  wood  insulation  for  use  where  the 
two  lines  belong  to  different  systems.  It 
is  also  known  as  a  crossing-ear  or  crossing. 

Trolley  Ear. — A  piece  of  metal,  grooved 
to  fit  the  trolley  wire,  for  the  purpose  of 
attaching  the  wire  to  the  insulator  which 
supports  it;  a  suspension  ear. 

Trolley  Fork. — ^The  forked  head  of  a  trol- 
ley pole  carrying  a  harp  for  the  spindle  of 
the  trolley  wheel. 

Trolley  Frogr* — ^  device  situated  at  a 
point  where  trolley  lines  branch  from  each 
other,  so  that  the  trolley  wheels  may  be 
guided  to  the  proper  line;  right  hand,  left 
hand  and  symmetrical  frogs  are  designed 
to  meet  all  requirements. 

Trolley  Hang^er. — ^The  trolley  ear  and 
insulator  constituting  the  supporting  de- 
vice of  a  trolley  wire. 

Trolley  Harp. — A  forked  device  fitted  to 
the  head  of  a  trolley  pole  for  carrying  the 
spindle  of  the  trolley  wheel. 

Trolley  Ice  Clearer. — A  trolley  wheel 
having  its  groove  provided  with  projections 
for  clearing  a  trolley  wire  of  ice.  A  sleet  wheel. 

Trolley  Mast  — In  an  overhead  system  of 
electric  traction,  the  pole  by  means  of 
which  the  trolley  wheel  is  kept  in  contact 
with  the  wire.  It  is  a  rod  of  hard  dra^vn 
steel  12  to  15  feet  in  length,  and  from  1} 
inch  to  1  inch  in  diameter,  slightly  tapering. 
A  harj)  is  riveted  to  the  top  or  the  pole, 
and  within  this  the  trolley  wheel  rotates. 

Trolley  Pole. — A  pole  of  metal  or  wood, 
usually  about  12  feet  in  length,  moimted  on 


a  suitable  base  upon  the  roof  of  a  trolley 
car,  for  holding  the  trolley  wheel  against 
the  wire  and  conveying  the  current  to  the 
motor. 

Trolley  PuU-olT. — ^A  hanger  for  suspend- 
ing and  holding  in  place  a  trolley  wire  in 
rounding  a  curve.  It  is  a  device  for 
clamping  a  wire,  and  by  means  of  one  or 
two  lugs  fixing  it  by  a  span  wire  to  a  sup- 
porting pole. 

Trolley  Seetioiu — ^A  length  of  trolley  wire 
with  one  or  more  feeders,  forming  a  sec- 
tion of  the  line,  and  insulated  from  adjoin- 
ing sections  by  section  insulators,  so  that 
in  case  of  accident  at  any  point  on  the  line, 
only  the  section  affected  need  suspend 
operation. 

Trolley  Section  Insulator. — ^A  device 
placed  in  an  overhead  trolley  wire  at  a 
point  where  two  divisions  of  the  line  join 
that  are  fed  by  separate  feeders  from  the 
power  house.  The  sections  of  the  wire  are 
attached  to  two  castings  which  are  sep- 
arated by  hard  wood  insulating  material, 
permitting  the  trolley  wheel  to  run 
smoothly  across. 

Trolley  Splice. — A  method  of  imiting  the 
ends  of  two  trolley  wires  by  means  of  a 
conducting  sleeve  over  the  junction  point. 

Trolley  Stand. — ^The  spring  base  pivoted 
to  the  top  of  a  trolley  car  to  which  the 
trolley  pole  is  clamped;  the  trolley  base. 

Trolley  Strain  Insulator. — ^An  insulator 
designed  to  withstand  strong  tension  in- 
serted in  a  trolley  strain  w^ire. 

Trolley  Strain  Wires.— Wires  employed 
in  connection  with  strain  insulators  to  hold 
the  trolley  wire  at  the  proper  tension,  es- 
pecially at  curves  in  the  line. 

Trolley  Traction. — ^The  use  of  the  trollev 
principle  in  the  electric  propulsion  of  rail- 
ways. 

Trolley  Truck. — ^The  truck  on  which  the 
body  of  a  trolley  car  rests,  and  which  car- 
ries the  motor. 

Trolley  Wheel. — In  an  electric  street 
railway  system  with  an  overhead  line,  the 
rotary  device  by  means  of  which  contact 
is  made  with  the  trolley  line  and  current 
derived  for  the  motors.  It  is  a  braes 
grooved  wheel  from  four  to  eight  inches  in 
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diameter,  which  turns  on  an  axle  carried 
in  a  harp  riveted  to  the  upper  end  of  the 
trolley  pole. 

Trolley  Wire. — ^The  bare  copper  conductor 
forming  the  overhead  circuit  for  conveying 
the  electric  current  from  the  generating 
stations  to  the  motors  of  cars  through  the 
trolley. 

Truck. — The  group  of  wheels  and  support- 
ing framework  containing  the  brakes, 
motors  and  driving  gear  of  an  electric 
railway  car.  There  are  two  chief  types  of 
trucks:  (a)  the  single  truck  having  four 
wheels  with  a  single  motor  on  each  axle, 
one  only  being  used  to  support  the  car  body;  and 
(6)  the  double  truck,  each  w'xih  four  wheels  of  the 
same  size,  carrying  a  motor  on  each  axle,  two 
trucks  being  used  per  car.  The  maximum  traclion 
truck  has  two  large  and  two  small  wheels,  so 
arranged  that  the  weight  will  largely  rest  on  the 
large  wheels  which  are  driven  by  the  motor. 

True  Contact  Force* — ^A  kind  of  electro- 
motive force  which  is  supposed  to  exist  at 
the  junction  of  two  dissimilar  metals  upon 
the  passage  of  an  electric  current,  as  ex- 
hibited in  the  Peltier  effect. 

True    Galvanometer    Constant. — The 

strength  of  the  electromagnetic  field  at  the 
middle  point  of  a  galvanometer  coil  when  a 
unit  current  passes. 

True  Ohm. — ^The  true  value  of  the  ohm  as 
expressed  in  the  international  ohm,  as  dis- 
tinguished from  the  legal  or  British  Asso- 
ciation ohm. 

True  Resistance. — ^The  ohmic  resistance 
in  an  electric  circuit,  as  distinguished  from 
the  counter  electromotive  force,  or  apuriotts 
resistance  in  the  circuit. 

■ 

Trumpet,  Electric. — An  electric  buzzer 
reinforced  by  a  megaphone  tube,  or 
trumpet. 

Trunk  Call. — A  telephone  call  coming  over 
a  trunk  line. 

Trunk  Connection. — ^A  telephone  con- 
nection obtained  by  means  of  a  trunk  line. 

Trunking^. — ^Telephone  traffic  over  trunk 
lines. 

Trunking^  Out  Telephone  Switch- 
board.— A  switchboara  designed  for  use 
with  trunk  lines  in  long  distance  transmis- 
sion. 


Trunkingf    Switchboard. — One    of    the 

switchboards  employed  in  a  telephone  ex- 
change, based  upon  the  transfer  system  in 
which  connections  are  made  by  means  of 
trunk  lines. 

Trunk  Lines. — 1.  In  a  telephone  system, 
the  main  lines  between  stations  at  distant 
points  for  the  transmission  of  long  distance 
messages. 

2.  The  lines  connecting  telephone  ex- 
changes, as  distinguished  from  the  sub- 
scribers* lines. 

3.  In  the  transfer  system,  the  lines  con- 
necting the  a  and  b  switchboards  of  the  ex- 
change. 

Trunk  Line  Working^. — Telephone  trans- 
mission over  trunk  lines,  as  distinguish^ 
from  that  over  subscribers'  Unes. 

Trunk  Operator. — ^A  telephone  operat'Or 
employed  at  the  switchboard  of  a  trunk 
line. 

Trunk  Switchboard. — ^In  a  telephone  ex- 
change, the  switchboard  controlling  the 
trunk  lines. 

Trunk  Wire. — In  an  electric  car  wiring 
system,  the  wire  which  carries  the  total 
motor  current  of  the  car.  It  runs  from 
the  trolley  wheel,  third  rail  shoe  or  slot 
plow,  according  to  the  system  employed, 
to  the  point  of  application  to  the  motor 
circuit. 

Trunk  Working^. — In  telephony,  when  it 
becomes  necessary  to  employ  more  than 
one  central  office  to  make  connection 
between  subscribers,  so-called  trunk  lines 
or  trunks  are  provided  between  the  sta- 
tions. These  lines  are  intended  to  establish 
communication  in  one  direction  only,  each 
station  being  supplied  with  a  number  of 
outgoing  and  incoming  tnmks.         *" 

Trunnion  Screws. — ^A  pair  of  screws 
projecting  so  as  to  form  a  support  about 
which  a  movable  device  may  swing. 

Trussed  Pole. — A  telegraph  pole  stiffened 
against  special  strain  by  means  of  an  iron 
truss,  when  circumstances  do  not  permit 
the  use  of  proper  stajrs. 

Truth. — ^A  shop  term  to  denote  the  accu- 
racy of  work.  The  getting  of  a  straight 
edge  or  grindstone  or  square  into  correct 
outline  is  termed  truing  up.    A  shaft  or 
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spindle  is  true  when  it  is  straight  or  in  line, 
and  of  constant  or  correct  diameter.  A 
piece  of  stuff  is  true  when  of  equal  thickness,  or 
when  not  winding;  a  cylindrical  piece  of  work  is 
true  when  it  fits  to  gauge  or  calipers.  Tools  used 
for  measuremtftit  are  employed  to  check  the  trulh 
of  work. 

T  IShaped  Spark* — ^A  spark  having  three 
branches  sometimes  seen  m  the  discharge  of 
a  condenser  through  an  induction  coil. 

Tube  of  Force. — ^A  tubular  surface 
bounded  by  lines  of  force. 

Tube  of  Magnetic  Force. — ^A  system  of 
lines  of  magnetic  force  drawn  through  every 
point  of  a  closed  curve,  forming  a  tubular 
surface. 

Tube  of  Magnetic  Induction. — ^A  tubu- 
lar surface  having  its  sides  formed  of  lines 
of  magnetic  induction. 

Tube  Surface. — In  steam  engineering, 
the  total  area  of  the  exterior  surface  of 
the  tubes  in  a  surface  condenser.  The 
extent  of  this  area  is  variable  in  different 
engines,  being  dependent  on  the  efficiency 
of  the  cold  water  circulation,  but  it  may 
be  taken  for  marine  engines  at  from  1.5  to 
3  square  feet  per  I.  H.  P.  for  terminal 
pressures  ranging  from  6  to  30  lbs.  absolute. 

Tubular  Braid. — An  insulating  braid 
woven  in  tubular  form  for  covering  a  wire 
joint. 

Tubular  Conductors. — ^Electric  conduc- 
tors in  the  form  of  hoUow  tubes. 

Tubular  Core. — An  iron  core  for  an  elec- 
tromagnet in  the  form  of  a  hollow  tube, 
sometimes  employed  instead  of  a  solid  core. 

Tubular  Current. — ^An  electric  current 
considered  as  flowing  only  upon  the  surface 
of  a  conducting  wire. 

Tubular  Drop. — A  tubular  form  of  tele- 
phone clearing  out  drop  designed  to  over- 
come mutual  induction  with  other  drops  in 
the  switchboards. 

Tubular  Electromagnet  or  Magnet. — 

A  type  of  electromagnet  designed  to  offer 
powerful  attraction  through  a  short  dis- 
tance; it  consists  of  a  short  cylindrical 
electromagnet  with  an  outer  tube  united 
to  the  iron  core  at  the  bottom;  an  iron 
dLad  dedromagnet. 


Tubular  Pole. — A  hollow  steel  pole  usu- 
ally of  telescopic  form,  provided  with  one 
or  two  bracket  arms  for  carrying  the  trolley 
wire  in  street  railway  systems. 

Tumbling^  Box. — ^A  revolving  box  into 
which  articles  to  be  electroplated  are 
caused  to  rub  against  one  another  for  a 
preparatory  polishing. 

Tuner. — ^A  term  sometimes  applied  to  a 
synchronizer  or  phase  indicator,  a  device 
for  indicating  tne  synchronous  relation 
between  two  alternators  which  are  to  be 
connected  in  parallel.  The  simplest  ar- 
rangement consists  of  one  or  more  incan- 
descent lampe  in  series  which  show  light  or  dark 
simultaneously  at  synchronism.  For  lance  alter- 
nators other  devices  are  necessary.  One  type 
indicates  by  a  pointer  upon  a  dial  whether  the 
inc<nning  machine  is  running  too  fast*  too  slow, 
or  in  exact  step. 

TunMten. — ^A  somewhat  rare  metal  used 
as  the  filament  in  the  tungsten  incandescent 
lamp.  It  is  steel  gray  in  color,  very  heavy 
(specific  gravity  19.129),  and  hard  enough 
to  scratch  glass.  It  passes  directl^j'  into 
vapor  at  a  very  high  temperature  without 
entering  the  liquid  state,  and  has  a  lower 
specific  resistance  than  carbon. 

Tuujipiten  Filament. — ^The  metal  timgsten 
bemg  too  brittle  to  be  drawn  into  wire,  fine 
particles  of  the  metal  are  made  into  a  paste 
with  binding  material  and  squirted  through 
a  die.  After  drying,  the  particles  are 
welded  into  a  continuous  wire. 

Tung^en  Lamp. — A  type  of  metallic  fila- 
ment incandescent  lamp  employing  a  fila- 
ment composed  of  the  metal  tungsten. 
The  tungsten  is  mixed  in  a  finely  divided 
state  with  a  solution  containing  a  binding 
material,  and  then  squirted  into  filaments. 
Tungsten  lamixB  work  on  either  direct  or  alternat- 
ing current  circuits,  and  are  not  aifected  by 
changes  in  voltage*  The  light  given  is  white  and 
brilliant,  and  their  economy  is  high  with  remnrk- 
ably  long  life,  though  the  filaments  are  brittle 
and  liable  to  break  from  any  vibration. 

Tung^sten  Steel. — A  satisfactory  steel 
alloy  for  permanent  magnets.  It  contains 
3.444  per  cent  tungsten. 

Tungstometer. — ^A  de^dce  for  showing  the 
comparative  wattage  consumption  of  the 
tungsten  and  ordinary  filament  lamps.  It 
consists  of  three  elements:  (a)  a  measuring 
system ;  (b)  a  connection  svstem  consisting 
of  an  insulated  tube  on  the  upper  end  of 
which  is  a  swivel  type  Edison  screw  plug, 
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and  on  the  lower  end  an  Edison  lamp 
socket;  (c)  a  special  computing  scale  located 
just  below  the  meter. 

Tonlnff.— In  wireless  telegraphy,  the  ad- 
justing of  the  receiving  apparatus  of  one 
station  to  the  sending  apparatus  of  another, 
so  that  the  detector  at  the  receiving  station 
shall  respond  only  to  the  waves  sent  from 
that  particular  transmitter,  without  inter- 
ference of  waves  of  other  frequencies; 
syntony. 

Toning^  Fork  Dyiuuiio. — A  form  of 
dynamo  in  which  the  armature,  instead  cf 
rotating,  performs  oscillatory  movements 
in  the  electromagnetic  field;  an  osciUalory 
dynamo  or  generator. 

Taningf  of  Electric  Circuit. — Bringing 
an  alternating  current  circuit  into  a  har- 
mony of  relation  with  another  with  respect 
to  capacity,  inductance,  resistance  and 
frequency. 

Tunnel  Armature. — A  form  of  dynamo 
armature  in  which  the  windings  are  sunk 
below  the  surface  in  t\mnel-like  grooves. 

Turbine. — A  machine  in  which  a  rotary 
motion  is  obtained  by  transference  of  the 
momentum  of  a  fluid.;  broadly  speaking, 
the  fluid  is  guided  by  fixed  blades,  attached 
with  a  casing,  and  impinging  on  other 
blades  mounted  on  a  drum  or  shaft,  caus- 
ing the  latter  to  revolve. 

Turbine  Pump. — A  multiple  centrifugal 
pump,  with  several  impellers  in  series, 
suitaole  for  pumping  against  high  heads. 
More  generally  known  as  series  or  multi- 
stage centrifugal  pump, 

Turbo-gpenerator. — ^A  dynamo  or  alter- 
nator driven  by  a  steam  turbine  and 
coupled  direct Iv  with  it,  usually  mounted 
upon  the  same  base  plate;  a  turbo-generator 
set. 

Tumbuekle. — A  device  consisting  of  a 
metal  sleeve  or  loop  with  a  screw  thread  at 
one  end  and  a  swivel  at  the  other,  or  a 
screw  thread  at  both  ends,  for  tightening 
up  stay  rods,  and  similar  purposes. 

Tumbuekle  Insulator. — A  form  of  insu- 
lator employed  in  a  trolley  line  on  span  or 
pull  off  wires,  for  the  purp>ose  of  adjusting 
or  tightening  up  the  ^'ires. 


• 

Turn  Down    Incandescent  Lamp. — A 

lamp  provided  with  a  high  resistance  unit 
arranged  in  its  socket  so  that  the  quantity 
of  light  can  be  changed  at  will  by  insert- 
ing more  or  less  of  the  resistanee. 

Turning  Moment. — ^The  torque,  the  mo- 
ment of  a  couple  which  acts  upon  a  body 
so  as  to  produce  rotation.  In  the  case  of 
the  armature  of  an  electric  motor  the  torque 
is  measured  in  the  number  of  pounds  pull 
at  a  radius  of  one  inch  or  of  one  foot.  It 
mav  also  be  measured  in  dyne  centimeters 
and  gram  centimeters. 

Turn  Out. — In  a  single  track  trolley  line,  a 
loop  or  side  track  to  enable  cars  to  pass  in 
opposite  directions. 

Turpentine. — ^A  name  given  both  to  the 
crude  thicklv  flowing  liquid  obtained  from 
certain  coniferous  trees,  and  to  the  product 
of  distillation  from  crude  turpentine,  more 
properly  called  oil  of  turpentine.  The  oil 
of  turpentine  is  a  mixture  of  various  ter- 
penes  varying  in  nature  according  to  the  tree 
from  which  the  crude  turpentine  was  derived 


chief  use  is  in  thinning  oil  varnishes. 


Its 


Turret  Turning  Motor. — ^An  electric 
motor  by  means  of  which  a  revolving  tur- 
ret on  a  battleship  is  operated. 

Turtle  Back  Electrotype. — ^An  electro- 
type with  a  slightly  convex  surface  for  use 
in  a  cylindrical  printing  press;  a  rotary 
electrot3npe. 

Twiggs. — A  name  sometimes  given  to  the 
extreme  sub -branches  in  a  tree  system  €d 
distribution  to  incandescent  lamps. 

T'win  Cable. — A  cable  composed  of  a 
number  of  conductors  twisted  in  pairs. 

T^n  Conductor. — ^A  cable  containing 
two  insulated  conductors  running  parallel. 

Twin  Wire. — A  conducting  wire  made  up 
of  two  separately  insulated  wires. 

Twisted  Cable. — A  bunched  cable  In 
which  the  conductors  are  first  twisted  in 
pairs,  then  two  pairs  are  twisted  together, 
a  second  set  of  two  pairs  are  then  twistea 
with  the  first,  and  so  on,  for  the  purpose  of 
eliminating  inductive  disturbances. 

Twisted  Strip  Voltmeter. — A  voltmeter 
employing  a  twisted  platinum-silver  strip 
which  tends  to  twist  or  untwist  imdtf 
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changes  of  temperature  produced  by  the 
flow  of  the  electric  current. 

Twisted  Wires. — ^In  overhead  telephone 
line  construction,  wires  transposed,  or 
caused  to  recross  each  other  at  stated  in- 
tervals, for  the  purpose  of  preventing  in- 
ductive disturbances. 

Twisting^  Strain. — In  mechanics,  a  tor- 
sional or  winding  strain;  a  strain  which 
will  wrench  or  twist  out  of  shape. 

Twist  System. — ^A  system  of  running 
cable  wires  in  pairs,  twisted  together  for 
the  purpose  of  overcoming  the  inductive 
effect  between  them. 

Two  Circuit  Armature  Windings* — ^A 

method  of  winding  the  armature  so  that 
the  current  is  divided  between  two  paths 
only,  whether  in  single  pole  or  multi-polar 
dynamos. 

Two  Circuit  Dynajuo. — ^A  dynamo  whose 
armature  has  a  two  circuit,  or  two  path 
winding. 

Two  Circuit   Multiple   Winding^.— An 

armature  winding  in  which  each  of  the  in- 
dependent sets  of  coils  divides  the  current 
into  two  paths. 

Two  Coil  Armature  Winding^. — ^In  an 

alternator,  two  coils  in  the  armature  wind- 
ing supplied  for  each  field  magnet  pole. 

Two  Cycle. — A  t^pe  of  internal  combus- 
tion engine  in  whicn  the  four  operations  of 
charging,  compression,  expjlosion  and  ex- 
pulsion are  carried  out  during  two  strokes 
of  the  one  piston.  The  piston  usually 
serves  as  exhaust  valve;     the  exploded 

charge  escaping  through  ports  in  the  cylinder 
wall,  which  are  uncovered  by  the  piston  as  it 
nears  the  extremity  of  its  outward  or  power 
stroke.  The  incoming  charge  is  either  admitted 
by  a  separate  valve  or  pump,  or  else  passes  into 
the  cylinder  by  ports  opposite  the  exhaust  port, 
the  charge  being  deflected  to  the  end  of  the  cyl- 
inder by  a  ridge  upon  the  piston,  and  scavenging 
out  the  products  of  combustion  as  it  comes  in. 
Compression  ensues  upon  the  closing  of  inlet  and 
exhaust  ports  by  the  piston. 

Two  Part  Commutator* — ^A  commutator 
composed  of  two  metallic  segments  for  use 
with  a  single  coil  armature  winding  and  a 
bipolar  field. 

Two  Phase  Altematingp  Carrents. — 

Two  alternating  currents  of  the  same  fre- 
quency, but  having  a  difference  in  phase 


of  a  quarter  of  a  period;  a  diphase  or 
quarter  phase  aUemating  currerU. 

If  two  identical  simple  alternators  have 
their  armature  shafts  coupled  in  such  a  manner, 
that  when  a  given  armature  coil  on  one  is  directly 
under  a  field  pole,  the  corresponding  coil  on  the 
other  is  midway  between  two  poles  ol  its  field,  the 
two  currents  generated  will  differ  in  phase  by  a 
half  alternation,  and  will  be  two-phased  currents; 
similarly,  liiree-phased  currents  could  be  |(ener- 
ated  by  coupling  the  armatures  of  tiiree  simple 
alternators  so  that  the  corresponding  coils  on  each 
are  equally  "staggered"  with  respect  to  each 
other. 

Two-phase  and  three-phase  currents  differ  in 
this  respect;  the  two-phase  system  requires  four 
wires  to  connect  the  generators  with  the  motors, 
and  their  action  is  that  of  two  distinct  and  separate 
circuits  through  which  are  passing  simple  altci^ 
nating  currents  of  electricity  which  act  upon  the 
revolving  part  of  the  motor  like  the  two  cranks 
on  a  cross  connected  engine  at  risht  angles  to 
each  other,  or  one  90  degrees  in  advance  of  the 
other. 

Two  Phase  Alternator. — A  dvnamo 
producing  two  alternating  currents  having 
a  difference  in  phase  of  a  quarter  period;  a 
diphaser,  a  two  phaser. 

Two  Phase  Armature* — The  armature 
of  a  two  phase  alternator  so  wound  as  to 
produce  two  phase  currents. 

Two  Phase  Armature  Winding^*— An 

armature  winding  for  producing  two  phase 
currents;  it  consists  in  adding  to  the  wind- 
ing of  a  single  phase  alternator  a  second  set 
of  armature  coils  with  the  active  portion 
exactly  midway  between  those  of  tne  first 
set. 

Two  Phase  Circuit. — A  circuit  composed 
of  three  or  four  conductors  for  conveying 
two  phase  currents. 

Two  Phase  Currents.  —  Currents  in 
which  the  terminal  voltages  on  the  two  cir- 
cuits differ  in  phase  by  ninety  degrees. 

Two  Phase  Electromotive  Forces. — 

Electromotive  forces  in  a  two  phase  alter- 
nating current. 

Two  Phase  Field. — ^An  electromagnetic 
field  created  by  two  phase  currents. 

Two  Phase  Motor. — An  induction  motor 
which,  instead  of  having  a  single  field  wind- 
ing, is  furnished  with  two  distinct  windings, 
each  supplied  with  a  single  phase  alternat- 
ing current  of  the  same  frequency  but  differ- 
ing in  phase  one  quarter  of  a  period;  a 
diphase  motor. 

Two  Phaser. — A  two  phase  alternator. 
An  a.  c.  dynamo  having  two  distinct  wind- 
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iafp  upon  its  armature  each  with  its  own 
pau:  ot  collector  rings,  and  so  wound  that 
the  electromotive  force  generated  in  one 
winding  shall  be  in  quadrature  with  the 
electromotive  force  of  the  other;  that  is 
the  two  E.  M.  F's  shall  be  90**  apart. 

Two  Plukse  System* — A  system  of  elec- 
trical distribution  operated  with  two  alter- 
nating currents  differing  in  phase  by  a 
quarter  of  a  period,  transmitted  through 
circuits  consisting  either  of  four  indepen- 
dent wires,  or  of  three  wires,  one  of  wnich 
is  common  to  the  two  currents. 

Two  Phase  Three  Phase  Trans- 
former.— A  transformer  designed  to  con- 
vert two  phase  into  three  phase  currents;  a 
diphaae  triphase  transformer. 

Two  Phase  Transformer. — A  trans- 
former in  a  two  phase  system. 

Two  Point  Switch. — A  switch  provided 
with  two  contacts;  a  two  way  sxvitai. 

Two  Pole  Dynamo. — A  dynamo  having 
two  field  magnet  poles. 

Two  Way  Door  Trig^g^er.  —  A  catch 
which  acts  so  as  to  ring  an  electric  alarm 
on  the  closing  as  well  as  the  opening  of 
a  door. 

Two  Way  Splice  Box. — In  underground 
cable  construction,  a  splice  box  furnished 
with  two  channels  or  ducts  for  a  straight 
line. 

Two  Way  Switch. — A  switch  provided 
with  two  contacts  so  that  connection  may 
be  made  with  two  separate  circuits;  a  two 
point  switch. 


Two  Way  Trolley  Frogp. — ^A  frog  sus- 
pended in  a  trolley  une  for  properly  guiding 
the  troUey  wheel  at  a  point  wnere  the  road 
forks  into  two. 

Two  Wire  Mains. — ^The  mains  emploved 
in  a  two  wire  system  of  electrical  distribu- 
tion. 

Two  Wire  Moulding^. — A  moulding  hav- 
ing two  channels  or  grooves  for  accommo- 
dating a  pair  of  wires. 

Two  Wire  System. — ^A  system  of  elec- 
trical distribution  employed  in  incandes- 
cent lighting  in  which  only  two  mains  are 
required,  as  distinguished  from  the  three 
wire  system  in  which  a  third  or  balance 
wire  is  introduced. 

Tying^  In. — ^Fastenine  an  overhead  line 
wire  to  the  insulators  by  means  of  tie  wires. 

Tyndall*  John.— Bom  1820,  died  1893;  an 
English  physicist,  distinguished  for  his 
researches  in  electricity  and  magnetism,  as 
well  as  in  other  departments  of  physics. 

Type  Printing^  Telegraph. — A  tele- 
graph system  m  which  messages  as  re- 
ceived are  printed  in  the  ordinary  letters 
of  the  alphabet  upon  a  atrip  of  paper.  It 
depends  for  its  operation  on  uniform 
simultaneous  rotations  of  a  cylinder  or 
wheel  at  the  sending  station,  and  a  type 
wheel  at  the  receiving  station.  The  stock 
ticker  is  a  familiar  example  of  a  printing 
telegraph. 

Typewriter*  Blectric. — An  adaptation  of 
electricity  to  the  operation  of  the  type- 
writer, in  which  the  Kejrs  cause  the  closing 
of  electric  circuits  which  produce  electro- 
magnetic action  of  the  type  levers. 


Underground  Electric  Tvbe. 


0. — Abbreviation  for  unit. 

Udomatar.— An  ioBtrument 
to  determine  the  quantity  of 
rainfall.  A  rain  qauge.  An 
ombroToeler  or  pfumoiTMfer, 

Ultimata  Capa.eitT'  of 
Switchboartl. — Tlie  maTinnirn  number 


Ultittiatc  Set. — In  materialH,  the  difference 
between  the  length  of  a  specimen  plat«  or 
bar  before  testing,  and  at  the  moment  of 
fracture;  and  given  in  percentage  of  the 
length.  This  amount,  in  conjimction  with 
the  reduction  of  area,  is  a  measure  of  the 
ductility  of  the  plate  or  bar,  since  it  is 
measured  after  fracture,  by  laying  the 
broken  ends  together.  It  ie  also  termed 
the  iet  of Ur  fracture. 

nitr»-Iiic»iideaceiit  Ziamp, — A  varietj 
of  incandescent  lamp  in  which  the  filament 
is  treated  with  a  radio-active  substance  in 
order  to  enhance  the  brilliancy  of  the  Lght. 


Ultra-Tiolet  Rajs, — Rays  of  light  exist- 
ing beyond  the  violet  li^t  of  the  visible 
spectrum,  having  a  more  rapid  rate  of 
Oration  than  800  billion  vibrations  per 

Umbrella  Tjr^a  Alteiiia.tor. — An  al- 
ternator in  which  the  rotating  part  is  sun- 
pended  from  a  verticcLl  shaft  by  a  aix- 
armed  spider. 

Unbalattoed  Zrf>ad. — A  load  that  is  borne 
in  unequal  proportions  by  the  different 
dynamos  in  the  generating  system. 

Unbalanced    Folnhaae    Syatem. — ^A 

polyphase  system  ol  electrical  distribution 
m  which  current  and  phase  are  un- 
systematically  dl(tributed  through  its 
branches. 

Unbuilding. — ^The  spontaneous  loea  of  elec- 
tromotive lorce  in  a  self-exciting  dynamo; 
the  reverse  of  building  up. 


Undamped   Oaolllatlona. — 

Klectnc  oscillations  produced 
in  a  circuit  by  an  alternating 
current  of  very  high  frequen- 
cy that  continues  uninterrupt- 
edly. It  may  be  represented 
by  a  regularly  repeated  curve. 

itUable. — Incapable  of  being 


"id  of 


deprive 

Under.contact  TUrd  Ball.— A  method 
of  mounting  the  conducting  rail  in  the 
third  rail  system  of  electric  traction,  in 
which  the  rail  is  supported  at  intervals  by 
iron  brackets  which  nold  suspended  Insu- 
lation blocks  by  a  special  clamp,  so  that 

the  uDder  iurfnce  of  the  rai]iflprcBeDt«[]  to  mako 
oostact  with  the  upp«r  turfsce  ol  the  ehoe. 
Between  the  HupportA.  the  up];>er  aida  of  the  rail 
1>  luarded  by  a  wooden  ■heHthlac.  The  advan- 
tagefl  of  th»  method  are.  (a)  laa  dan^r  f  ram  the 
livs  nil  (b)  ku  atrain  on  the  iToulntom,  U) 
prateotioD  from  the  weathei.  uid  (d)  that  it  i« 


Underfronnd  Cable. — An  electric  cable 

run  ttarough  a  suitable  conduit  iDeneath  the 
Buriace  of  the  ground. 

Underg^ronnd  Cable  Snpporta. — Hooks 
for  supporting  underground  cables  in 
passing  around  the  aides  of  manholes. 


underground  cable  at  a  point  where  the 
cable  leaves  the  ground. 

Undargronnd  Condnetor.  —  Ad  insu- 
lated electrical  conductor  run  underground, 
as  distinguistied  from  an  overhead  or  aerial 

conductor. 

Under  gronnd     Eleetria     Coitdnit. — A 

passageway  for  underground  cables  and 
conductors,  built  up  of  single  or  multiple- 
duct  sections  of  vitrified  clay,  cement,  or 
iron  laid  in  concrete,  forming  a  continuous 
system  of  protective  tubing  from  manhole 
to  manhole. 


Underground  Railway. 
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wrought  iron  pipe  laid  directly  in  the  earth: 
after  the  conductors  are  introduced  the 
tube  is  filled  with  an  insulating  compound 
forming  a  ''solid"  conduit. 

Under^^round  Railway. — One  wholly  or 
in  large  part  beneath  the  street  surface  of 
a  city. 

Under^^roimd   Telephone    Cable* — A 

telephone  cable  laid  underground  instead 
of  being  carried  overhead  on  poles. 

Underg^round  Telegraph* — A  telegraph 
system  employing  underground  wires  m- 
stead  of  a  pole  line. 

Underpound  Trolley  Bystem. — ^A  trol- 
ley system  in  which  the  trolley  wire  is  run 
in  an  underground  slotted  conduit  midway 
between  the  rails  of  the  track;  the  con- 
nection with  the  motor  being  effected  by 
means  of  a  shoe  introduced  through  the 
slot;  the  conduit  trolley  system. 

Undergfronnd  Tube« — ^A  system  of 
imderground  line  construction  for  electric 
distribution,  in  which  conductors  are  run 
through  iron  pipes  filled  with  an  insulating 
compound  and  buried  in  the  ground.  A 
tube  usually  contains  three  copper  rod 
oonduotora  wound  with  a  serving  ol  nemp  to 
further  insulate  them.  The  oonducton  are  not 
removable,  as  the  insulatina  oooopound  solidifies 
after  beins  run  into  the  tube.  Tubes  are  made 
in  20  ft.  fengths,  joined  by  coupling  boxes  with 
removable  covere. 

Underload  Circuit  Breaker. — A  switch 
employed  especially  in  charging  storage 
batteries,  for  opening  the  circuit  if  the  cur- 
rent becomes  too  feeble.  If  the  charging 
current  weakens  too  far,  the  battery  will 
commence  to  discharge  and  tend  to  drive 
the  ehaxging  dynamo  as  a  motor.  One  type, 
used  with  motor  starting  boxes,  has  a  switch  ann 
held  in  place  by  an  electromagnet  against  the 
puU  ol  a  spring.  When  the  current  weakens,  the 
spring  puUs  away  the  ann  and  opens  the  oirouit. 

Under  Running  of  Cable. — ^A  method  of 
examining  a  cable  laid  across  a  river  bot- 
tom, in  which  the  cable  is  passed  over  a 
sheave  in  a  boat  from  bow  to  stem,  as  the 
boat  moves  along  the  line  of  the  cable. 

Under  Rnnningp  of  Incandeseent 
Lamps. — Applying  a  voltage  below  the 
normal  to  an  mcandescent  lamp  dnniity 
thereby  reducing  the  efficiency,  but  pro- 
longing the  life  of  the  lamps. 

Under  Rnnningp  Sheave. — ^A  sheave  over 
which  a  sub-aqueous  cable  is  passed  in  the 


operation  of  under-running  a  cable  in  exam- 
ining for  faults. 

Under  Running  Trolley. — ^A  method  of 
contact  employed  in  the  ordinary  street 
railway  systems,  in  which  the  trolley  wheel 
runs  along  the  under  side  of  the  trolley 
wire. 

Undertaker. — ^A  term  sometimes  applied 
to  a  person  who  furnishes  electrical  energy 
for  lighting  or  other  purposes. 

Undertype  Djnamo. — ^A  form  of  simple 
two  pole  field  magnet  machine  in  which 
the  armature  is  placed  below  the  yoke,  the 
field  magnets  D^ing  inverted,  instead  of 
standing  upright.  The  advantage  of  this 
arrangement  is  that  the  moving  parts  are 
brought  low  down,  lessening  the  vibration. 

Undertype  Field  Magnet. — A  field 
magnet  employed  in  an  under-type  or  in- 
verted dynamo  in  which  the  armature  is 
placed  below  the  field  magnet  ooils  and 
yoke. 

Underwriters*  Pnmp*— A  fire  puinp,  of  a 
pattern  approved  by  Insurance  Under^ 
writers  or  oy  the  Insurance  Corporation's 
Surveyor,  such  as  is  fitted  in  large  build- 
ings in  connection  with  the  fire  fighting 
apparatus,  to  maintain  the  water  supply 
for  hose,  hydrants,  sprinkler  tanks,  etc 

Underwriters*  Rules. — The  National 
Electrical  Code;  a  set  of  rules  and  require- 
ments drawn  up  by  the  National  Board  of 
Fire  Underwriters  for  the  installation  of 
electric  wiring  and  apparatus.  Copies  of 
these  rules  may  be  had  free  of  cost  from 
The  National  Boaxd  of  Fire  Underwiitere,  New 
York  or  Ghi<»co,  or  from  any  local  inspection 
bureau.  All  interior  wiring  must  be  done  in  ae- 
oordance  with  this  code  in  order  fha*  boildingB 
may  be  inBuied. 

Undulation. — ^A  wave  motion,  as  of  an 
alternating  or  undulatory  electric  current. 

UnduUktory  Current* — ^An  electric  cur- 
rent uniform  in  direction,  but  varying  in 
strength  according  to  the  law  governing 
the  velocity  of  air  particles  in  a  sound  wave. 

Undulatory  Diseli»rflr^* — ^An  osetHafory 
discharge,  a  series  of  rapid  alternations  of 
chu'ges  which  are  set  up  when  the  plates 
of  a  charged  condenser  are  joined  by  a 
conductor,  the  plates  of  the  condenser 
being  positively  and  negatively  charged  in 
turn.    A  high  Crequenqr  alteniating  cur* 
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rent  flows  in  the  conduccor,  but  it  soon 
dies  away  as  the  energy  of  the  condenser 
passes  into  heat. 

Undulatory  Winding^.^^A  method  of  ar- 
mature winding,  usually  known  as  wave 
winding.  Each  step  of  this  winding  is 
progressive,  and  two  successive  winding 
elements  have  the  appearance  of  two 
successive  waves.  Wave  winding  has  only 
a  single  pitchj  and  all  steps  are  made  ec|ual 
in  order  to  render  the  winding  symmetncal. 

Unevenly  Distribnted  Winding^. — An 

armature  winding  running  in  grooves 
which  are  arranged  unevenly  upon  the  sur- 
face of  the  armature. 

Unflashed  Filament. — ^An  incandescent 
lamp  filament  composed  of  cellulose  which 
has  been  reduced  to  carbon  under  high 
temperature,  and  is  ready  for  the  final  pro- 
cess of  "  flashing/'  in  wluch  the  filament  is 
heated  electrically  while  surroimded  by 
dense  hydrocarbon  vapor. 

Uni-eoil  Armatnre   Winding^. — ^A 

method  of  winding  the  armature  of  an 
alternator,  in  which  a  single  coil  or  slot  is 
provided  on  the  armature  for  each  field- 
magnet  pole. 

Uni-directed  Current. — ^The  alternating 
current  generated  in  the  armature  of  a 
dynamo  must  be  commuted  or  rectified  in 
order  to  draw  a  direct  currjent  from  the 
machine.  This  is  effected  by  the  commu- 
tator which  causes  the  current  to  flow 
continuously  in  one  direction,  and  the 
brushes  which  lead  this  unidirected  current 
into  the  external  circuit. 

Uni-direotional  Current. — An  electric 
current  of  imiform  direction;  a  direct  cur-^ 
rent, 

Uni-directional  Dischargee. — An  electric 
discharge  having  uniform  direction 
throughout  its  range. 

Uni*direetional  Electromotive  Forces. 

— Electromotive  forces  having  a  common 
direction. 

Uni-directional  Leak. — A  leak  occurring 
in  an  electric  circuit  in  a  constant  direction. 

Unilllar  Suspension. — A  suspension,  as 
of  a  needle,  by  a  single  thread  for  measur- 
ing forces  of  rotation. 


Uniform  Density  of  Field.— A  field  of 
force  containing  a  uniform  number  of  lines 
of  force  throughout  its  area  or  volume. 

Uniform  Field. — ^A  magnetic  field  having 
the  same  intensity  and  direction  at  every 
point. 

Uniform  Flux. — ^Magnetic  lines  of  force 
which  are  of  the  same  intensity  and  direc- 
tion throughout  the  magnetic  field. 

Uniform  Load. — In  mechanics,  a  load 
which  is  not  a  variable  one  and  which, 
therefore,  does  not  induce  so  great  stress 
as  the  latter. 

Uniform  Magnetic  Field. — ^A  magnetic 
field  of  force  containing  a  uniform  number 
of  lines  of  magnetic  force  throughout  its 
volume. 

Uniform  Magnetic  Flux. — ^The  lines  of 
magnetic  force  which  constitute  a  uniform 
magnetic  field. 

Uniform  Magnetisation. — ^The  property 
of  a  magnet  whose  magnetic  density  is 
uniform  throughout  its  mass. 

Uniform  Motion. — ^The  motion  of  a  body 
when  it  passes  over  equal  spaces  in  equal 
times. 

Uniperiodie  Current. — An  alternating 
current  having  a  imiform  periodicity  or 
frequency. 

Uniphase. — A  term  applied  to  an  alternat- 
ing current  of  one  pressure  wave,  or  a  single 
alternating  current,  as  distinguished  from 
polyphase  or  mvUiphasey  applying  to  two 
or  more  alternating  currents  having  a  fixed 
phase  difference  in  the  same  circuit. 

Uniphaser.  —  An  alternating  current 
dynamo  that  generates  a  single  alternating 
current,  as  distinguished  from  a  polyphaser 
that  produces  more  than  one  pressure 
wave. 

Uniplanar. — Lying  in,  or  confined  to,  one 
plane. 

Unipolar  Armature. — A  dynamo  arma- 
ture which  does  not  undergo  a  reversal  of 
polarity  in  the  course  of  a  complete  revolu- 
tion. 

Unipolar  Dynamo. — An  acyclic  or  homo- 
polar  dynamo.    A  form  of  continuous  cur- 
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rent  machine  which  dispenses  with  the 
action  of  a  commutator,  the  conductors  of 
the  armature  moving  continually  in  a  imi- 
form  and  uni-directional  field  so  that  there 
axe  no  revereato  in  the  direction  of  the  induced 
currents,  but  electromotive  forces  of  constant 
direction  and  magnitude  are  generated.  There 
are  two  common  types  of  the  unipolar  machine, 
the  axial  and  the  radiaL  In  the  axial  typct  liie 
porta  are  so  arranged  that  the  electricity  flows  in 
a  direction  parallel  to  the  axis  or  shaft  of  the 
generator.  In  the  radial  type,  the  currents  are 
radiated  from  the  axis  of  rotation  to  the  outer 
periphery  in  the  discs  which  form  the  annature 
conauctmg  circuit. 

Unipolar  Electric  Bath. — In  electro- 
therapeutics, a  bath  in  which  only  one  elec- 
trode is  applied  to  the  body,  the  circuit 
being  completed  through  the  water. 

Unipolar  Induction. — Induction  resulting 
from  continuously  cutting  lines  of  magnetic 
force  in  such  a  manner  that  no  reversals 
take  place  in  the  direction  of  the  induced 
currents,  as  in  a  unipolar  or  homopolar 
dynamo. 

Unipolar  Magnet. — A  name  given  to  a 
magnet  which,  though  possessing  the  nec- 
essary two  poles,  is  so  suspended  that  one 
of  the  poles  lies  in  the  axis  of  suspension, 
with  the  result  that  the  magnet  acts  as  if 
it  possessed  only  one  pole. 

Unipolar  Stimulation* — In  e]ectro-thera- 
peuticf,  the  application  of  a  single  electrode 
tor  stimulating  a  nerve. 

Uni*8lot  Armature  Winding^. — ^A  meth- 
od of  winding  an  alternator  armature  in 
which  one  slot  is  provided  on  the  armature 
for  each  field  ma^et  pole. 

Unit  Angle. — In  circular  measure,  the 
angle  measured  by  an  arc  equal  to  the 
radius.    It  is  called  the  radian. 

Unit  Ang^ular  Velocity. — Angular 
velocity  is  measured  in  radians  per  second, 
or  the  number  of  radians  or  unit  angles 
through  which  a  particle  moving  in  a 
circular  path  turns  m  a  second  of  time. 

Unit    DilFerence   of  Potential* — The 

unit  of  electromotive  force.  It  is  a  difference 
of  potential  between  two  points,  such  that 
one  erg  of  work  has  to  be  done  in  order  to 
urge  a  unit  of  positive  electricity  from  the 
point  at  the  lower  to  that  which  is  at  the 
higher  potential.  This  is  the  C.  G.  S.  unit. 
The  volt  or  practical  unit  is  100,000,000 
times  as  great. 


Unit  Jar. — ^A  Leyden  jar  so  adjusted  that 
a  spark  passes  whenever  the  potential  dif- 
ference reaches  a  definite  value.  It  is  used 
to  measure  the  amount  of  electricity  re- 
quired to  charge  a  condenser. 

Unit  Magnetic  Pole. — ^A  magnetic  pole 
which,  at  a  distance  of  one  centimeter,  repels 
an  equal  and  similar  pole  with  a  force  of 
one  dyne;   a  pole  of  unit  strength. 

Unit  of  Acceleration. — ^The  acceleration 
which  imparts  unit  velocity  in  unit  time, 
or  one  foot  per  second  in  one  second. 

Unit  of  Activity. — ^The  rate  of  woric  when 
unit  ciurent  runs  under  unit  electromotive 
forcjB.  The  C.  G.  S.  unit  of  activity  is 
equivalent  to  one  erg  per  second.  The 
practical  imit  is  the  watt  which  is  equal  to 
10,000,000  ergs  per  second,  and  represents 
the  power  due  to  a  current  of  one  ampere 
flowmg  under  an  electromotive  force  of  one 
volt. 

Unit  of  Capacity. — ^The  capacity  of  a 
conductor  which  requires  a  charge  of  one 
unit  of  electricity  to  raise  it  to  unit  poten- 
tial; it  is  equal  to  the  capacity  of  an  in- 
sulated sphere  of  one  centmieter  radius. 

Unit  of  Current. — A  current  of  sucu 
strength  that  if  it  were  made  to  flow  round 
a  circuit  in  the  form  of  a  circle  of  one  centi- 
meter radius,  the  current  in  air  arc  of  one 
centimeter  would  exert  a  force  of  one  dyne 
on  a  unit  magnetic  pole  at  the  center.  The 
practieal  unit  of  electric  eurrent  is  the  ampfre> 
which  is  equal  to  Va  of  this  C.  Q.  8.  unit,  repre- 
senting that  strengtli  of  current  which  is  de- 
velooea  in  a  circuit  of  one  ohm  renstanoe  by  an 
electromotive  force  of  one  volt. 

Unit  of  Blectrical  Supply.— The  kilo- 
watt-hour, called  in  Great  Britain  the  Board 
of  Trade  Unit.  It  is  equal  to  1000  watt- 
hours.  The  public  supply  of  electricity 
for  lighting  and  power  purposes  is  usually 
measured  in  kilowatt  hours. 

Unit    of   Electromotive    Force. — The 

unit  difference  of  potential  between  two 
points.  It  exists  wnen  one  erg  of  work  has 
to  be  done  in  urginp  one  unit  of  eloctrieitv 
against  that  potential  difference.  The  volt 
or  practical  unit  of  E.  M.  F.  is  100,000,000 
times  as  great  as  the  C.  G.  S.  unit,  and  rep- 
resents the  E.  M.  F.  which  will  produce  a 
current  of  one  ampere  against  a  resistance 
of  one  ohm. 

Unit  of  Evaporation. — ^A  unit  employed 
in  making  boiler  tests.    It  is  the  equiva* 
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lent  evaporation  from  and  at  the  boiling 

point,    at    atmospheric    pressure,    or    isis 

usually  expressed,  "from  and  at  212°  F." 

This  forms  a  basis  for  comparison  of  boilers 
working  at  different  pressures,  from,  which  their 
relative  evaporative  emciencies  per  pound  of  ooal 
may  be  ascertained.  The  unit  of  evaporation  is 
equivalent  to  905.7  British  thermal  units. 

Unit  of  Force. — ^The  dyne.  It  is  that 
force,  which,  by  acting  upon  a  mass  of  one 
gram  during  one  second,  can  impart  to  it 
an  acceleration  of  one  centimeter  per  second 
during  every  second  that  the  force  is  main- 
tained. 

Unit  of  Heat. — ^That  which  is  required  to 
raise  1  lb.  of  water,  at  39  degrees  Fahr.,  1 
degree.  If  2  lbs.  of  water  be  raised  1  de- 
gree, or  1  lb.  be  raised  2  degrees  in  temper- 
ature, the  expenditure  of  heat  is  the  same 
in  amoimt,  namely,  two  degrees  of  heat, 
and  to  express  the  mechanical  equivalent  of  heat, 
the  comparison  lies  between  the  unit  of  heat  on 
the  one  part,  and  the  unit  of  work,  or  foot  p>ound* 
on  the  other.  The  various  heat  units  are  as 
follows: 

A  French  calorie=  1  kilogram  of  water  heated 
1**  C,  at  or  near  4*  C. 

A  pound-calorie  unit=l  poimd  of  water  heated 
1®  C,  at  or  neiir  4*  C. 

1  French  caloriei=3.968  B.  T.  U.=2.2046  pound 
calories. 

1  British  thermal  unit=.252  French  calorie8= 
.555  pound  calories. 

,1  pound-calorie=1.8  B.  T.  U.=s.45  French  cal- 
ories. 

1  B.  T.  U.=778  foot-pound8=Joule*s  mechan- 
ical equivalent  of  heat. 

1  Hone  power  (H.  P.)=33,000  foot-pounds  per 
minute. 

1  Hone    powers  -|^  =42.42  B.  T.  U.  per 

minute. 

1  Horse  power=  42. 42X60= 2545  B.  T.  U.  per 
hour. 

1  unit  of  evaporation=965.7  B.  T.  U. 

Unit  of  Illwmlnating  Power. — The  lum- 
inous intensity  of  sources  of  light  is  ex- 
pressed in  terms  of  candle  'power.  A  new 
unit  called  the  international  candle  was 
established  by  agreement  between  author- 
ities in  Great  Britain,  France  and  United 
States  in  1909.  It  equals  1  pentane,  1  bougie 
decimate,  1  American  candle,  1.11  Hefner  unit. 
0.104  Carcel.  The  American  unit  is  maintainea 
by  the  Bureau  of  Standards  at  Washinjcton.    For 

Sraotical  purposes,  however,  standaxxlised  incan- 
escent  lamps  are  employed  as  units. 

Unit  of  Illnmination. — ^Tbe  unit  gener- 
ally employed  is  the  candle  meter.  It  is 
the  illumination  produced  by  one  \mit  of 
candle  power  at  a  distance  of  one  meter. 
The  candle-foot  is  sometimes  used  as  a  unit, 
being  the  illumination  produced  by  a  unit 
of  candle  power  at  a  distance  of  one  foot. 


One  candle  foot  is  equal  to  10.764  candle 
meters. 

Unit  of  Inductance  or  Self  Induction. 

— ^The  practical  unit  of  electromagnetic  in- 
ductance is  the  henry.  It  is  OQual  to  10* 
C.  G.  S.  units  of  inductance.  The  self-in- 
duction in  a  circuit  is  one  henry  when  the 
induced  E.  M.  F.  is  one  volt,  while  the 
inducing  current  varies  at  the  rate  of  one  ampere 
per  second.  When  the  henry  is  too  large  for  con- 
venience, the  miUi-henryt  or  one-Uiousandth  part 
of  a  henry,  is  used. 

Unit  of  Len^h. — ^This  varies  with  differ- 
ent vocations  or  trades.  In  workshops, 
the  inch  is  the  customary  unit;  with  build- 
ing trades,  the  foot;  in  civil  engineering, 
the  yard  for  roadmaking,  and  the  chain  for 
surveying;  in  navigation,  the  fathom  for 
soundings,  the  natUical  or  sea  mile  for  distancst 
the  knot  for  speed. 

In  ihe  metric  system  the  unit  is  the  meter,  from 
which  oUier  units  are  derived  by  multiplying  and 
dividing  tiie  meter  by  multiples  of  ten.  The 
meter  is  equivalent  to  39.37  inches,  or  3.28  feet, 
or  1.094  yard. 

Unit  of  Lig^ht« — ^The  term  candle  power 
has  long  been  used  as  the  name  for  the 
standard  imit  of  light  in  English  speaking 
countries.  The  standard  candle  was  a 
sperm  candle  consuming  120  grains  per 
hour.  The  candle  has  been  superseded  in 
modem  practice  by  the  Hefner  lamp  of  fixed 
dimensions  burning  amyl  acetate  gas.  A  new 
unit,  known  as  the  international  candle^  was 
adopted  by  the  U.  S.  Bureau  of  Standards,  April 
1,  1909,  and  England  and  France  have  come  into 
agreement  with  this  standard.  The  international 
candle  equals  1  pentane  candle,  1  bougie-decimale, 
1  American  candle,  1.11  Hefner  candle,  0.104 
Carcel  unit.  The  Hefner  light,  the  Qerman  stan- 
dard, is  therefore  0.90  of  the  new  unit. 

Unit  of  Lttminous  Intensity. — A  light 
source  producing  imit  illumination  of  a 
square  meter  of  concentric  spherical  surface 
at  a  radial  distance  of  one  meter. 

Unit  of  Ma^^etie  Flux. — A  single  line  of 
magnetic  force  is  taken  as  the  imit.  It 
has  been  named  the  maxwell,  after  James 
Clerk  Maxwell,  the  English  scientist,  who 
propounded  the  electromagnetic  theory  of 

Unit  of  Ma^^etic  Intensity. — ^The  unit 
value  of  flux  density  or  intensity  is  one 
line  or  maxwell  per  square  centimeter  of 
the  magnetic  area.    It  is  called  a  gaues. 

Unit    of  MMnetic    Relnctanee. — The 

reluctance  offered  by  a  cubic  centimeter  of 
vacuum  is  taken  as  a  unit.  The  name 
for  this  unit,  provisionally  adopted  by  the 
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American  Institute  of  Electrical  Engineers, 
is  oeratedy  in  honor  of  H.  C.  Oersted^  the 
Danish  scientist,  who  first  discovered  the 
relation  of  magnetism  to  the  electric  cur- 
rent. 

Unit  of  Magrnetism* — ^That  quantity  of 
magnetism  which  must  be  concentrated  in 
an  infinitely  small  pole,  so  that,  when 
placed  at  a  distance  of  one  centimeter  from 
an  exactly  similar  pole,  it  repels  it  with  a 
force  of  one  dyne. 

Unit  of  Magnetomotive  Force. — ^The 
gilbert.  It  is  that  value  of  M.  M.  F.  which 
will  establish  one  line  or  maxwell  per  centi- 
meter cube  of  air. 

Unit  of  Mass. — In  the  C.  G.  S.  syst^  of 
absolute  imits,  the  fundamental  unit  of 
mass  is  the  gram.  It  is  the  one-thousandth 
part  of  the  mass  of  a  standard  kept  in  Paris 
called  the  kilogram.  For  practical  pur- 
poses the  gram  is  equal  to  the  mass  of  one 
cubic  oentimeter  of  water  at  4**  C,  or  15.43236 
grains.  The  English  practical  unit  is  the  potmd 
which  is  equal  to  453.6  gTEims. 

Unit  of  Measure. — ^For  scientific  purposes, 
three  fundamental  units  have  been  fixed 
which  are  universally  the  same.  They  are 
the  centimeter,  the  unit  of  length;  the  gram, 
the  unit  of  mass;  and  the  second,  the  unit 
of  time.  This  system  of  units  is  known  as 
the  C.  G.  S.  system,  and  from  these  fimda- 
mental  units  other  units  are  derived. 

Unit  of  Output  of  I^nanio. — A  conve- 
nient unit  for  designatmg  the  power  which 
a  dynamo  is  capable  of  developing  is  the 
kitdwatt.  It  is  equal  to  1000  watts  or  volt- 
amperes,  or  1.34  horsepower.  It  is  the 
ordmary  commercial  umt  for  rating  gen- 
erators. 

Unit  of  Photometric  Intensity.— The 

unit  of  intensity  of  a  light  source.  A 
source  of  light  is  of  unit  illuminating 
intensity  when  it  produces  unit  illumina- 
tion of  a  square  meter  of  concentric 
spherical  surface  at  a  radial  distance  of 
one  meter. 

Unit  of  Power. — ^The  imit  of  mechanical 
rate  of  working  is  one  horsepower ,  which  is 
equal  to  that  rate  of  working  which,  if  con- 
tinued one  minute,  could  raise  33,000 
pounds  one  foot  in  height,  or  expend  33,000 
foot  pounds  of  energy.  The  unit  of  dec- 
trical  rate  of  workiQ|E  is  the  tDoU^  which  is  rim 
of  a  hone  power.  It  is  the  power  due  to  a  current 
of  one  ampere  flowing  under  an  electromotive 
force  of  one  volt.     In  practice,  however,  a  larger 


unit,  the  kilowaU  or   1000  watts,   is  used  for 
oonvenienoe. 

Unit  of  Pressure. — 1.  In  electric  practice, 
the  term  fvessure  is  often  used  for  electro- 
motive force.  The  unit  of  E.  M.  F.  is  the 
vdU.  It  is  that  £.  M.  F.  which  will  produce 
a  current  of  one  ampere  against  a  resistance 
of  one  ohm. 

2.  The  atmospheric  pressure  at  the  sea  level, 
or  14.7  pounds  per  square  inch  absolute. 

3.  A  load  equal  to  one  avoiidupois  pound  on 
a  surface  of  one  square  inch. 

Unit  of  <>uantit^. — 1.  The  eUctromaqneiic 
unit  is  tne  quantity  of  electricity  which  is 
conveyed  by  unit  current  in  one  second. 
The  practical  unit  is  the  coulomb  which  is 
the  quantity  delivered  by  one  ampere  flow- 
ing for  one  second.  It  represents  that 
quantity  oi  electricitsr  which  will  cause  the  elec- 
trolytic deposition  of  0.001118  srain  of  silver. 

2.  The  electrostatic  unit  is  tne  quantity  which 
at  a  distance  of  one  centimeter  repels  a  similai 
and  equal  quantity  with  a  force  of  one  dyne. 

Unit  of  Resistance. — ^The  resistance  pos- 
sessed by  a  conductor  if  a  current  of  unit 
strength  flows  through  it  when  its  ends  are 
kept  at  unit  difference  of  potential.  The 
practical  unit  of  electrical  resistance  is  the 
ohm.  The  standard  ohm  is  the  resistance 
offered  by  a  unif onn  colxmin  of  pure  mercury,  one 
square  millimeter  in  cross  section,  106.3  centi- 
meters in  length,  weighing  14.4521  grains  at  0°  C. 

Unit  of  Self-induction. — ^The  henry,  rep- 
resenting the  self-induction  in  a  circuit 
when  the  induced  E.  M.  F.  is  one  volt  while 
the  inducing  current  varies  at  the  rate  of 
one  ampere  per  second.  The  miUi-henry, 
or  one-tnousandth  part  of  a  henry  is  often 
used  as  a  more  convenient  unit. 

Unit  of  Time.— In  the  C.  G.  S.  system  of 
units,  the  fundamental  absolute  unit  of 
time  is  the  second.  It  is  the  86,400th  part 
of  a  mean  solar  day.  The  minute  which  is 
60  times  as  great  is  often  used  as  a  more 
convenient  unit  of  time. 

Unit  of  Work.— The  C.  G.  S.  unit  of  work 
is  called  the  erg.  It  is  that  work  which  is 
done  when  a  force  of  one  dyne  is  overcome 
through  a  distance  of  one  centimeter.  It 
is  therefore  a  unit  of  energy.  The  practical 
unit  of  electrical  energy  or  work  is  the  joule, 
which  is  the  work  done  when  one  ampere  flows 
for  one  second  against  a  resistance  of  one  ohm, 
and  is  equal  to  ten  million  eigs  or  0.73734  foot* 
pounds. 

Unit  Pole. — A  magnetic  pole  which  repels 
an  equal  and  similar  pole  with  a  force  of 
one  dyne  at  a  distance  of  one  centimeter. 
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Unit  Strencfth  of  Pole.— That  which  re- 
pels another  similar  and  equal  pole  with 
the  force  of  one  dyne  when  placed  at  a  dis- 
tance of  one  centimeter  from  it;  a  unit  pole, 
its  symbol  is  m. 

Unit  Sjvtem. — ^In  an  electric  station^  an 
arrangement  by  which  the  plant  is  divided 
into  a  series  of  units,  each  unit  comprising 
a  prime  mover  and  generator  with  its  con- 
denser and  attendant  auxiliary  machinery. 
The  switchboard  is  also  divided,  a  panel 
being  provided  with  all  the  necessary 
switches  and  instruments  for  each  unit. 

Unit  Wire. — ^A  unit  for  calculating  electric- 
al conductors.  It  is  a  wire  one  foot  long 
and  0.001  of  an  inch  in  diameter.  In  the 
metric  system,  unit  wire  is  one  meter  long 
and  one  millimeter  in  diameter. 

Univalent. — ^In  chemistiy,  having  the  val- 
ency, or  combining  power  of  one  unit,  as  a 
univalent  atom  ;  monovalent. 

• 

UniversaL — 1.  Pertaining  to  all  things,  or 
applicable  to  every  similar  thing  without 
exception. 

2.  Adaptable  to  any  use;    imlimited  in 
its  application  or  motion. 

Universal  Battery  System. — ^In  teleg- 
raphy, a  system  in  which  a  number  of  cir- 
cuits are  connected  with  one  battery  so 
that  each  circuit  receives  the  same  current. 

Universal  'Diaehmrge* — ^An  apparatus 
for  discharging  a  battery  of  Leyden  jars 
through  any  object;  it  consists  of  two  mov- 
able brass  arms  with  universal  joints  and 
supported  on  glass  posts;  between  the 
knobs  terminating  the  arms  the  object  to 
be  exposed  to  the  shock  is  supported  upon 
a  third  insulated  post. 

Universal    Galvanometer   Bhnnt. — ^A 

shunt  devised  by  Ayrton  and  Mather  so  as 
to  be  used  with  any  galvanometer^  the  coils 
being  arranged  so  that  their  relative  multi- 
plying powers  are  always  the  same  what- 
ever the  actual  resistance  of  the  instrument 
may  be.  It  is  usually  known  as  the  AifrUm 
shunt. 

Universal  Joint. — ^A  contrivance  used  for 
joining  two  shafts  or  parts  of  a  machine 
endwise,  so  that  the  one  may  give  rotary 
motion  to  the  other  when  forming  an  angle 
with  it,  or  may  move  freely  in  all  directions 
with  respect  to  the  other;  as,  by  means  of 


a  orofls,  ooxmeoting  the  two  forked  ends  of  tbe  two 
Bhafts.  When  the  angle  included  between  ^e 
ehafta  is  leas  than  145°  a  double  joint  of  the  nine 
kind  ia  used. 

Universe. — The  world;  all  ftxiwtlng  things 
viewed  as  constituting  one  system  or  whofe. 

Unmarked  Bnd  or  Pole. — The  south 
pole  of  a  magnet,  so  called  to  distinguish 
it  from  the  north  pole  which  is  uiEwlly 
marked  for  identification. 


Unplntfg^n^.  — Disconnecting  resistance 
coils  Trom  a  circuit  bv  withdrawing  the 
plugs  of  the  resistance  Doz. 


Unsilveringf  Bath. — ^A  bath  for  removing 
the  silver  coatf 
been  silver  plat 


the  silver  coating  from  an  object  that  has 


U  Packing. — ^A  hydraulic  leather  packing 
having  a  section  resembling  the  letter  U 
inverted. 

Up  and  Down  Working^. — A  method  of 
telegraphic  transmission  in  which  messages 
are  sent  alternately  from  each  end  of  Uie 
line. 

Up  Contaet  of  Switch. — ^An  electrical 
circuit  completed  by  moving  a  switch  up- 
ward. 

Up  Lines. — In  British  telegraph  practice,  a 
term  applied  to  the  lines  wmch  lie  in  the 
direction  towards  the  chief  station  of  the 
circuit,  as  opposed  to  doum  lines. 

Upper    Harmonies   of  Current. — The 

higher  frequencies  which  may  exist  in  con* 
jimction  with  a  simple  periodic  current. 

Up  Side. — ^In  British  tele^aph  practice,  a 
term  applied  to  that  side  of  a  circuit 
towards  the  principal  station,  as  distin- 
guished from  the  dovm  side. 

Uranium. — A  rare  metallic  element  found 
combined  in  a  few  mineral  substances, 
especiall^r  in  pitchblende.    It  was  in  ex- 

S3rimenting  with  uranium  in  1896,  that 
ecquerel  made  the  first  important '  dis- 
covery in  the  subject  of  radio-activity  by 
producing  the  so-called  Becquerel  rays. 

Uranium  Rays. — ^A  form  of  radiation  from 
uranium  discovered  by  Becquerel  in  1896, 
and  usually  known  as  Becquerel  rays.  It 
was  foimd  that  uranium  and  all  salts 
containing  it,  emitted  rays  that  passed 
through  black  paper  and  affected  a  photo- 
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craphio  plate,  and  ionised  the  ^8  through  which 
they  passed.  Their  acUoa  is  similar  to  Roentgen 
rays  though  more  feeble.  This  property  of  ionis- 
ing air  and  other  gases  is  known  as  radio-aetivily. 

Urban  Telephony. — ^Telephoning  within 
city  limits,  as  distinguishea  from  long  dis- 
tance telephoning. 

n  Section* — Material  formed  by  rolling, 
pressing  or  casting  into  a  cross  section,  like 
the  letter  U. 

Usefal  Current. — In  an  alternating 
current  circuit  in  which  the  current  Mid 


£.  M.  F.  are  not  in  phase,  the  effective  or 
working  component  of  the  current  as  dis- 
tinguished from  the  wattless  current.  The 
useful  current  is  that  component  in  phase 
with  the  impressed  voltage. 

Uselbl  Life* — ^The  length  of  time  an  incan- 
descent lamp  will  bum  before  its  output 
of  light  decreases  more  than  20%.  When 
a  lamp  has  fallen  below  80%  of  its  rated 
candlepower,  it  should  be  replaced  with  a 
new  one.  On  this  basis,  the  best  modem 
lamps  will  give  6000  to  8000  candle  hours 
of  useful  life. 


V. — 1.  Abbreviation  for  volume, 

2.  S^bol  for  electroetatio 
potential. 

3.  Symbol  for  magnetic  po- 
tential. 

4.  Symbol  for  effective 
value  of  potential  difference. 

r, — ],  Abbreviation  for  volt. 

2.  Abbreviation  for  velocity. 

3.  Symbol  for  the  inBtantaneoua  value 
of  potential  difference. 

4.  Symbol  for  the  velocity  representing 


V>  A. — Abbreviation  for  voltaic  allemative. 

Vaeno. — In  physics,  a  term  used  in  calcu- 
lations on  the  behavior  of  falling  bodies 
and  liquids,  by  which  their  velocity  ia  re- 
ferred to  that  of  a  body  falling  in  a  vacuum, 


Vm^num. — A  space  from  which  the  air  has 
been  expelled  to  a  greater  or  lesa  degree  of 
exhaustion;  a  void.  Since  the  lowest  pres- 
sure that  can  be  produced  in  nature  is 
that  which  results  from  the  removal  of  the 
atmospheric  presaure  from  a  vessel  by  the 
creation  of  »  Tt     '     -  ...—■.      .l_ 


■bsoli 


■un  is  14.7  pouadi  below 
ry  prefnure  SB-uf*.  uid  the 
9  recorded  ocgauiepreamira 


Vmchiuii  Gftose. — An  instrument  resem- 
bling a  steam  gauge  in  construction,  for 
measuring  the  unbalanced  pressure  of  the 
atmosphere  upon  condensers,  etc. 

T»«nnm  IilKhtnlnc  Arr««t«r^ — A  light- 
ning arrester  consisting  of  a  vacuum  tube 
of  ^S9  through  which  a  lightning  discharge 
may  be  grounded. 

Vacnnm  Une. — A.  line  ruled  on  an  indi- 
cator diagram  below  the  atmospheric  line, 
at  a  distance  corresponding  to  14.7  lbs., 
on  the  scale  of  the  spring,  thus  showing 
the  absolule  vacuum. 

T»caii^  Pomp. — 1.  A  pump  for  exhaust- 
ing the  air  from  a  closed  chamber  or  vessel 
in  order  to  produce  a  vacuum.  Vacuum 
pumps,  are  of  two  chief  kinds:  (a)  meduut' 


ieal  pumps,  which  consist  e 
aentially    of    a    smooth-bore 
cylinder    in    which    a    tight 
fittins  piston  DoDtuains  b   tbIvs 
movtf  up  and  down,  bqH  (b)  mer- 
eury  pumps  wbjob  depend  ivi  tbe 
protluctioa  of  •  vacuum  &t  tbe  top 
of  a  barometer  tube,  by  the  now 
□t  dnipa  of  mercury  p«it  &  tap  cou- 
aeclcd  to  the  vtasel  to  be  exhaust- 
ed.    Heehanlesl  pumps  ara  In  (eoeral,  ineHidcDt 
tor  ideDtifio  purpoies.    Tbe  menucy  pumpa,  of 
*diioh  tbe  Oelnler  and  Spreoiel  pumps  a~  "-- 
belt  kDOwa,  have  been  long  employed  in  er 
iai  incand«cent  lump  bulbs  anc"  '"•■-Itt.ii.i 
A  newer  method  for  lamp  bulbt 
of  a  finely  constructed  n;     "-  - 


orsimiUrwork. 


ereated  by 


>e  «r™ter  part  of  the  air  after  wt 
is  introduced  to  remove  tlig  remaiii 

of  pulMtmelff.  i] 


admitted 


VKcniun  Tab«  Z^^p.  —  A  vapor  (u6e 
lamp,  an  electric  lamp  which  depends  for 
its  operation  upon  the  incandescence  of 
the  highly  rarefied  gas  in  a  vacuum  tube 
when  an  electric  current  is  passed  through 
it.  The  Cooper-Hevntt  mercury^vapor  lamp 
and  the  Moore  It^ht  are  two  examples  of 
commercially  successful  vacuum  tube 


Vaeanm   Tab«    Eleetrle    Idtmps. — 

Partial  vacuum  tubes  known  as  Geissler's 
and  Crookea'  are  used  as  a  source  of  light 
in  which  the  hght  is  produced  by  the 
passage  of  the  electric  discharge  tliraugh 
the  rarefied  gas  of  the  tube.  In  such 
light  there  is  no  combustion  and  only  very  little 

Tubes  five  or  six  feet  Ions,  three  or  tour  inch_ 
In  diameter,  and  of  any  shape,  may  be  lighlni. 
and  shine  with  a  bluish  while  lifht.  vaally 
briihter  thsn  anv  have  been  liihted  before.  The 
electric  tenninab  for  these  tubes  are  not  wira 
sealed  into  them,  but  metallic  caps  upon  their 
ends.  These  act  Inductiveb'.  upon  and  through 
the  nsidual  air  eoutained  In  the  beimeticaUy 
sealed  tube. 

Vmcnnm  Tnbea. — Glass  tubes  such  as 
Crookes  and  the  X-ray  tubes  in  which  ex- 
haustion has  been  carried  to  a  verv  high 
degree,  and  provided  with  electrodes  for 
producing  the  luminous  phenomena  obor- 
acteristic  of  radiant  gaseous  matter. 


wu 
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Valency. — ^The  combining  power  of  a  chem- 
ical element  indicated  by  the  number  of 
units  represented  by  h^rdrogen  with  which 
it  can  combine,  or  which  it  can  replace; 
quantivalence. 

Valve. — ^A  lid  or  cover  to  an  aperture,  bo 
formed  as  to  open  a  communication  in  one 
direction^  and  close  it  in  the  other  by  lift- 
ing, turning,  or  sliding;  thus,  the  valve  of 
a  conmion  pump  opens  upward  to  admit 
the  water  and  closes  downward  to  prevent 
its  return. 

Valve  Circle. — ^In  steam  engineering,  the 
circle  on  a  valve  diagram  whose  diameter 
is  equal  to  the  travel  of  the  valve. 


Valve  Dianam. — ^In  steam  engineering, 
a  diagram  K>y  which  the  position  of  the 
slide  valve  for  an^  position  of  the  piston, 
may  be  determined  graphically.  As  a 
consequence,  the  relative  positions  of  the 
valve  and  piston  at  the  instants  of  opening, 
cut  off,  cusnionizig,  release,  may  abo  be  deter- 
mined. There  are  numerous  modes  of  con- 
structing valve  diagrams.  Those  mostly  used  in 
valve  motion  design  are  known  as  the  Bilgram 
and  the  Zeuner  diagrams. 

Valve»  Electric — ^A  valve  controlled  by 
electricity. 

Valve  Oear. — The  mechanism  which  con- 
trols the  motion  of  the  valves  admitting 
and  exhausting  to  or  from  the  cylinders 
of  an  engine.  With  a  locomotive,  a  prime 
necessity  is  that  the  gear  shall  nm  equally 
well  in  either  direction,  be  reversed  rapidly, 
and  be  suitable  for  a  high  rate  of  speed 
and  correspondingly  frequent  alterations 
of  motion. 

Vapor. — 1.  Moisture  in  the  air,  any  light 
cloudy  substance  in  the  air,  as,  smoke  or 
fumes. 

2.  In  physics,  the  semi-gaseous  .state  of 
a  substance  which  is  liquid  at  ordinary 
temperatures;  as,  water  in  the  state  of 
saturated  steam. 

A  vapor  that  is  not  near  the  saturation  point, 
behaves  like  a  gas  under  changes  of  temperature 
and  pressure,  but  if  it  be  sufficiently  compressed 
or  cooled,  it  reaches  a  point  where  it  begins  to 
condense.  It  then  no  longer  obeys  the  same  laws 
as  a  gas,  but  its  pressure  cannot  oe  increased  by 
diminishing  the  size  of  the  vessel  containing  it, 
but  remains  constant,  except  when  the  tem- 
perature is  changed.  The  only  gas  that  can 
prevent  a  liquid  evaporating  seems  to  be  its  own 
vapor. 

Vapor  Globe. — ^A  glass  globe  for  protect- 
ing an  incandescent  lamp  in  explosive  at- 
mospheres, as  in  mines,  or  in  places  where 


there  is  danger  oi  fracturing  the  bulb  by 
'  dripping  water. 

Vaporisation. — The  change  from  the 
liquid  into  the  gaseous  state,  either  slowly 
by  evaporation  from  the  surface  oi  the 
liquid,  or  rapidly  by  boiling  through  its 
mass. 


Vapor  Tube  Iiaiajp. — ^A  vacuum  tube  lamp, 
a  form  of  electric  lamp  depending  up- 
on the  luminous  properties  of  rarefied 
^ases  or  vapor  when  an  electric  current 
IS  passed  through  them.  Two  principal 
forms  of  vapor  tube  lamps  have  reached 
successful  development;  the  VoopefHtwitt 


cury-'vapor  lamp  in  whidi  a  column  of  mercuiy  in 
a  glass  tube  is  brought  to  inoandesoence  by  the 
passage  of  an  electric  current,  and  the  Moore  tiphi 
whidi  depends  upon  the  incandesoencw  of  raxeoed 
gas,  oompoeed  lajgely  ci  air.  contained  in  a  gbss 
tube  of  indefinite  length.  Vapor  tube  lamps  nave 
a  limiinouB  efficiency  of  25  or  30  per  cent,  whidi 
is  far  greater  than  the  best  arc  or  inoandmoeat 
lamps. 

Variable  Condenser. — ^A  condenser 
placed  in  a  box  and  divided  into  sections, 
and  provided  with  switches  for  cutting  the 
different  sections  in  or  out  and  so  varying 
the  capacity;  an  adjuUable  condenser. 

• 
Variable  Expansion. — ^A  steam  engine  is 
said  to  have  variable  expansion  when  the 
admission  valves  are  controllable  by  hand, 
while  the  en^ne  is  running.  Where  a  sep- 
arate expansion  valve  is  fitted,  it  mav  be 
effect-ed  through  shortening  its  travel  by 
means  of  a  ahiftino  Unk,  etc  The  Corliss  or  drc^t 
valves  of  low  pressure  engines  usually  have  their 
trips  regulable  by  hand,  while  Meyer  expansion 
plates,  adjustable  by  a  hand  wheel  on  the  spindle, 
are  frequently  fitted  with  apparatus  for  the  same 
purpose. 

Variable  Inductance. — ^Inductance  in  a 
substance  which  has  a  variable  permeabil- 
ity. 

Variable  Period. — A  period  of  adjust- 
ment in  an  electric  circmt  between  the  in- 
stant when  the  current  begins  to  flow  and 
that  at  which  it  becomes  steady. 

Variable*ratio  Transformer. — ^A  trans- 
former  having  a  variable  ratio  of  trans- 
formation. 

Variable  State. — ^The  state  of  an  deetric 
circuit,  especially  of  a  telegraph  line  or 
submarine  cable,  during  the  variable  period 
of  the  current  which  exists  from  the  mo- 
ment the  circuit  is  closed  till  the  current 
becomes  steady. 
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Variation* — ^In  alternators  or  altematiiig 

ciurent  circuits,  the  maximum  difference 
in  phase  of  the  generated  voltage  wave 
from  a  wave  of  absolutely  constant  fre- 
quency expressed  in  electrical  degrees  (one 
cycle  equals  360°).  It  may  be  due  to  the 
variation  of  the  prime  mover. 

Variation*  Haffnetic. — ^The  dedinaUan, 
being  the  angle  between  the  magnetic 
meridian  and  the  geographic  meridian  of 
a  place  on  the  earth's  surface.  The  com- 
pass needle  comes  to  rest  in  the  magnetic 
meridian  which  is  an  imaginary  line  pass- 
ing through  the  earth's  magnetio  poles,  but  this 
hne  does  not  coincide  with  the  meridian  that  is 
described  through  the  geographie  poles.  The  an- 
gle measured  by  this  deviation  is  called  the  dteli" 
nation  or  vanation. 

Variation  Magnetometer. — ^An  astru- 
ment  for  measuring  the  intensity  <  t  the 
earth's  magnetic  variation  or  declii^ation. 


Map* — ^A  map  or  chart  of  the 
earth's  surface,  or  any  portion  of  it,  with 
lines  drawn  connecting  the  places  which 
have  the  same  declination  or  magnetic  van" 
ation.  The  lines  so  drawn  are  knoMm  as 
isogonic  or  isogonal  lines. 

Variation  of  Declination. — 1.  Varia- 
tions in  the  declination  iA  the  magnetic 
needle  between  different  points  on  the 
earth's  surface. 

2.  The  diurnal,  annual  and  secular  vari- 
ations of  the  magnetic  needle  at  any  place. 

Variation  of  Inclination. — Variations  in 
the  inclination  or  dip  of  the  magnetic  needle 
at  different  localities  on  the  earth's  surface. 

Variation  of  Magnetic  Needle. — The 

amount  by  which  a  magnetic  needle  point- 
ing to  the  earth's  magnetic  poles  deviates 
from  the  direction  of  the  geographical 
north  and  south.  The  compass  needle 
rests  in  the  ma^etic  meridian,  and  the 
angle  which  the  direction  of  ^e  needle  makes 
with  the  geographical  meridian  is  called  the  dec- 
lineUion  or  variation  of  the  magnetic  needle.  This 
variation  differs  at  different  places,  and  at  the 
same  place  at  different  times.  R^s^lar  changes 
are  known  as  «ectiiar,  anntuil  or  ditamal  as  they 
occur  through  long  intervals,  yearly  or  daily. 
Irregular  changes  exhibit  phenomena  known  afl 
niagnetic  Uorms. 

Variation  of  Resistance. — The  elec- 
trical resistance  of  a  conductor  of  uniform 
material  and  cross  section  varies  directly 
as  its  length  and  inversely  as  its  cross 
section.  The  resistance  of  a  metallic  con- 
ductor invariably  increases  with  an  in- 


evoaae  in  tempcnture,  bat  a  ncm-metallio  buI> 
stance  shows  the  reverse  effect.  The  9pecifie  re- 
aiManee  of  a  metaL  or  the  resistance  of  a  unit 
wire,  varies  greatly  with  different  metals,  the 
lesistanoe  of  pure  annealed  copper  being  taken  as 
a  standard. 

Variation  of  Speed. — ^A  fault  in  dynamo 
operation  indicated  by  the  dynamo  faiUng 
to  excite,  or  bjr  a  decrease  of  the  voltage 
if  the  machine  is  working.    The  fault  may 

Sroceed  from  a  number  of  causes:  1,  Re- 
uced  speed  of  driving  engine;  2,  overload 
of  dynamo;  3,  d^ective  bearings;  4,  short 
cirouitB  in  anaature;  5^  armature  rubbing 
against  pole  pieces;  6,  slack  or  dirty  belt. 


p. — ^An  instrument  for  determin- 
ing and  comparing  the  horizontal  com- 
ponent of  terrestrial  magnetism  at  different 
points  on  the  earth's  surface. 

Varies  Loop  Test. — ^A  method  of  locat- 
ing a  cross  or  ground  in  a  telephone  or 
telegraph  line  or  other  cable  by  using  a 
Wheatstone's  bridge  in  a  loop  formed  of  a 
good  wire  and  the  faulty  wire  joined  at 
their  distant  ends.  One  terminal  of  the 
battery  is  grounded  and  the  other  connected  to  a 
point  on  the  bridge  at  the  junction  o^  the  ratio 
arms.  The  iheostat  arm  then  includes  the  resist- 
ance of  the  iheostat  plus  the  resistance  of  the 
fault,  while  the  unknown  ann  includes  the  resist- 
ance of  the  good  wire  plus  the  resistance  of  the 
bad  wire  beyond  the  fault.  When  the  bridge  is 
balanced,  the  unknown  resistances  may  be  read- 
ily determined  by  a  simple  equation. 

Varnish. — ^An  insulating  varnish  is  pre- 
pared for  coating  electric  coils,  whicn  is 
claimed  to  be  flexible,  acid,  salt  and  mois- 
ture-proof, not  blistering  imder  heat,  and 
poss^sed  of  high  insulating  properties. 

Varying  Continuous  Current. — ^A  con- 
tinuous current  of  variable  strength. 

Varyin^speed  Motor. — A  motor,  such 
as  the  series  motor,  in  which  the  speed 
varies  with  the  load,  decreasing  as  the  load 
increases. 

Vector. — ^Any  quantity  which  has  direction 
as  well  as  magnitude.  Motion,  displace- 
ment, velocity,  acceleration,  force,  electric 
current,  magnetic  flux,  lines  of  force, 
stresses  and  strains,  flow  of  heat  and 
fluids;  all  involve  magnitude  and  direction, 

and  are  vector  qyaniitiea.  Straight  lines  of  defi- 
nite length  may  be  used  to  represent  vector 
quantities,  the  Unoth  of  the  line  representing  the 
magnitibdet  and  the  inelinaiion  6l  the  line  to  some 
axis  representing  the  direction,  A  representation 
of  this  kind  is  called  a  vector  diagram.  Vector 
diagrams  are  now  almost  universally  used  to 
express  relationships  in  alternating  current 
circuits. 
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Vector  Diagranu — ^A  diagram  showing 
combinatioDs  and  relations  of  vectors. 

Vector  Equation* — ^A  mathematical  equa- 
tion involving  vectors. 

Vector  Formula. — ^A  formula  exprescing 
relations  of  vectors. 

Vector  Sum. — The  geometrical  sum  of 
vectors. 

Velocimeter. — ^An  instrument  for  measur- 
ing velocity  or  speed,  especially  of  project- 
iles. 

Velocity^. — ^The  rate  of  motion  of  a  moving 
body  considered  as  the  distance  passed  over 
in  a  given  time,  and  expressed  in  units  of 
length  per  unit  of  time. 

Velocity  of  DischarM  or  Eflluz. — ^The 
velocity  with  which  a  uquid  issues  from  an 
orifice  in  a  containing  vessel. 

Velocity  of  Tranamlggioii. — In  teleg- 
raphy, the  speed  with  which  a  signal  trav- 
erses the  line. 

Velocity  Ratio. — ^The  ratio,  involving  a 
velocity,  which  exists  between  dimensions 
expressed  in  electrostatic,  and  those  ex- 
pressed in  electromagnetic,  units. 

Veloi^raph. — A  type  of  tachometer  or 
speed  indicator  which  makes  a  permanent 
record  of  the  speeds  and  times  which  it 
indicates. 

Vena  Contracta. — ^A  contraction  of  the 
diameter  of  a  jet  of  water  escaping  from  an 
orifice  in  a  vessel,  which  takes  place  at  a 
short  distance  from  the  opening  owing  to 
the  momentum  of  the  particles  towards 
the  center  of  the  orifice. 

Ventilated  Armature. — An  armature 
provided  with  openings  so  that  a  current 
of  air  passes  through  it  during  rotation, 
thereby  reducing  the  heat  generated  by 
Foucault  currents. 

Ventilating^  Fan. — ^A  blowing  machine, 
either  of  rotary  or  centrifugal  type,  used  for 
ventilation.     ' 

Ventilating  Groove. — A  groove  provided 
in  an  armature  core  for  cooling  the  arma- 
ture by  admitting  currents  of  air. 

Ventilation  of  Armature. — ^Ventilation 
provided  in  an  armature  by  suitable  grooves 


or  openings,  so  that  cturent^  of  air  may  be 
created  for  reducing  the  heat  generated  by 
Foucault  currents. 

Ventilation  Duct. — Jsx  large  armatures, 
ducts  or  passages  for  ventilation,  to  carry 
off  the  heat,  are  provided  in  the  core  by 
occasionaUy  separating  the  discs  by  the 
Insertion  of  blocks  of  msulating  material. 

Verdet**  Constant. — In  magneto-optics, 
the  angle  through  which  the  plane  of  polar- 
ization is  rotated  when  a  unit  magnetic 
field  acts  upon  a  transparent  plate  of  gjven 
material,  one  centimeter  in  thickness. 

"VerdigriMm — CoppNer  acetate.  Found  in  the 
market  in  the  form  of  dark  green  crystals 
showing  an  acid  reaction,  or  as  a  neutral 
bright  green  powder.  It  is  employed  in 
electroplating  for  preparing  copper  and 
brass  baths  and  for  coloring,  gilding,  etc. 

Vermilion. — ^This  is  a  bright  red  heavy 
paint  made  by  heating  sulphur  and  mer- 
cury together.  Vermmon  should  always 
have  a  coat  of  varnish  for  outside  work, 
and  should  not  be  mixed  with  white  lead, 
on  accoimt  of  the  sulphur  which  it  contains. 

Vernier. — A  small  movable  scale  invented 
by  Pierre  Vernier  in  1631,  and  used  for 
measuring  a  fractional  part  of  one  of  the 
equal  divisions  on  the  graduated /Ixecf  scale. 

The  vernier  conaiste  in  its  Bimplest  fona  of  a 
■mall  aliding  scale,  the  divisiona  of  which  differ 
from  those  of  the  fixed  primary  scale.  On  the 
scale  of  the  tool  is  a  line  of  fnnduatJons  divided 
into  Inches  and  numbered  0,  it  2,  etc.,  each  inch 
beins  divided  into  ten  parts,  and  ^eadb  tenUi 
into  four  parts,  making  forty  divisions  to  the 
inch.  On  the  sliding  jaw  is  a  line  of  divisions 
of  twenty-five  parts,  numbered  0,  6, 1 0, 15, 20,  25. 
The  twenty-five  divisions  on  the  vernier  corre- 
spond, in  extreme  length,  to  twenty-four  divi- 
sions, or  {)  of  an  inch,  on  the  scale:  each  division 
on  the  vernier  is,  therefore.  ^  of  A  or  ^^  of  an 
inch  shorter  than  the  corresponding  division  on 
the  scale. 

If  the  vernier  be  moved  until  the  lino  maziced  0 
on  the  vernier  coincides  with  that  marked  on  the 
scale,  then  the  next  two  lines  to  the  right  will 
differ  from  each  other  by  jptn  of  an  inch :  and  the 
difference  will  continue  to  increase  tiAti  of  an  inch 
for  each  division,  until  the  line  25  on  the  vonier 
coincides  with  a  line  on  the  scale. 

Vernier  Caliper.  —  A  caliper  provided 
with  a  vernier  for  precise  measurements. 
It  consists  of  two  L  shaped  pieces,  one 
sliding  on  the  other.  The  oar  of  the  main 
piece  is  marked  to  a  standard  scale,  say 
40  to  the  inch,  the  sliding  part  is  supplied 
with  a  vernier  scale,  25  of  whose  gradations 
correspond  to^  ft  on  the  main  scale.  The  fine 
measurement  is,  therefore.  «g  X  n  =  tAv  inch  or 
.001.  The  sliding  part  is  usually  made  in  two 
parts  for  quick  setting,  being  rouipily  set  to  sise. 
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the  outer  slide  clamped,  and  the  inner  jaw  care- 
fully set  by  a  horiiontal  adjusting  screw. 

Vernier  Compa4is*~A  surveyor's  com- 
pass whose  compass  circle,  with  a  vernier 
attachment,  is  movable  about  a  common 
center  by  turning  a  tangent  screw  at  the 
south  end  of  the  instrument.  It  is  adapted 
to  retrace  the  lines  of  old  surveys  where 
the  variation  of  the  compass  has  changed. 

Vender  Trajisit* — A  surveyor's  transit 
having  a  vernier  attachment  to  the  com- 
pass by  which  the  latter  mav  be  adjusted 
to  indicate  the  true  instead  of  the  mag- 
netic bearings. 

Vertical  Component  of  Earth**  Mag- 
netism.— ^The  earth's  magnetic  force  act- 
ing upon  the  compass  needle  in  a  vertical 
direction. 

Vertical  Galvanometer. — A  galvanom- 
eter having  a  needle  that  swings  in  a  ver- 
tical plane  upon  a  horizontal  axis;  an  up- 
right galvanometer. 

Vertical  Intensity  of  Earth's  Hag^ 
netism. — The  intensity  of  the  vertical 
component  at  any  point  on  the  earth's 
surface. 

Vertical  Ma§:netic  Needle. — ^A  mag- 
netic needle  mount-ed  upon  a  horizontal 
axis  and  deflected  in  a  vertical  plane. 

Vertical  Main* — In  a  system  of  electric 
light  wiring  in  large  buildings,  supply 
wires  which  run  to  the  different  floors  to 
supply  current  to  the  feeders  on  each  floor. 
Vertical  mains  are  often  called  risers. 

Vertical  Voltmeter. — A  voltmeter  hav- 
ing a  needle  that  swings  in  a  vertical  plane 
upon  a  horizontal  axis. 

Vibrate. — 1.  To  move  to  and  fro,  or  from 
side  to  side;- as,  a  pendulum;  an  elastic  rod, 
or  a  stretched  strmg,  when  disturbed  from 
its  position  of  rest;  to  swing;  to  oscillate. 

2.  To  have  the  constituent  particles 
move  to  and  fro,  with  alternate  compression 
and  dilatation  of  parts;  as  the  air  or  any 
elastic  body;  to  qmver. 

Vibratinff  BelL — A  continuous  ringing 
bell  which,  when  once  started  by  the  push, 
continues  automatically  until  the  battery 
is  exhausted  or  some  one  stops  it. 

Vibration. — A  motion  to  and  fro:  an  oscil- 
lation or  swing. 


Vibration  Frequency. — ^The  numbsr  of 
vibrations  in  a  vibrating  body  per  unit  of 
time. 

Vibration   Needle.^A   device    carrying 
weights  for  measuring  the  torsional  ngid-. 
ity  of  a  suspension. 

Vibration  Period. — The  time  required  to 
execute  a  complete  cycle  oi  vibrating 
motion. 

Vibrator. — ^A  spring  mounted  tongue  or 
blade  which  is  actuated  by  the  magnet  of 
an  induction  coil,  and  by  its  vibration  or 
trembling  produces  a  rapid  succession  of 
sparks,  instead  of  a  single  one  at  the  mo- 
ment of  ignition,  in  an  internal  combustion 
engine.  This  vibrator  is  generally  used  in 
a  jump  spark,  high  tension,  ignition  device. 

Vibratorv*  Motion. — In  physics,  a  rapid 
motion  back  and  forth;  especially,  the 
repeated  motion  of  the  parts  of  an  elastic 
solid,  or  of  a  fluid  of  which  the  normal  con- 
dition has  been  disturbed,  like  the  waves. 

Vine  System  of  Space  Relations. —  A 

system  of  space  relations  assuming  that  an 
advance,  with  left  to  right  rotation  in  the 
manner  of  a  vine  tendril,  is  positive. 

Violle*  Jnles. — ^Bom  1824;  a  French  phys- 
icist, distingtushed  for  his  researches  con- 
cerning the  temperature  of  the  sun,  and  the 
mechanical  eqmvalent  of  heat. 

Violle* — ^A  standard  unit  of  light  adopted 
at  the  International  Electrical  Congress  of 
1884,  but  since  abandoned  as  a  practical 
standard  because  of  difficulty  of  exact  re- 
production. It  was  the  light  emitted  nor- 
mal to  the  surface  of  one  sq.  cm.  of  molten 
platinum  at  its  temperature  of  solidifica- 

.    tion. 

Vir|^  Iron. — A  term  applied  to  iron  that 
has  never  been  magnetized. 

Virtual  Amperes. — ^In  measuring  alter- 
nating currents  by  instruments  caubrated 
by  the  use  of  continuous  currents,  the 
square  root  of  the  mean  square  value  of 
the  current. 

Virtual  Current. — In  an  alternating  cur- 
rent circuit,  the  mean  effective  or  virtual 
value  of  the  varying  current.  It  is  the 
square  root  of  the  mean  square  of  the  in- 
stantaneous values  of  the  current,  and  is 
equal  to  .707  times  the  maximum  value  of 
the  current.    The  virtual  amperes. 
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Virtual  Electromotive  Force. — ^In  an 

alternating  current  circuit,  the  mean  effectr 
ive  or  virtual  value  of  the  varying  E.  M.  F. 
It  represents  a  constant  quantity  which 
would  produce  the  same  working  efifect  as 
the  varying  quantity.  It  is  the  square 
root  of  we  mean  square  of  the  insiantaneouB 
values  of  the  £.  M.  F.  and  is  equal  to  .707  times 
the  maximum  value  of  the  £.  M.  F.  The  virtual 
volts. 

Virtual  Reaiataince. — 1.  In  an  alternat- 
ing current  circuit,  the  impedance,  which 
is  the  ratio  of  the  impressed  E.  M.  F.  to 
the  current.  It  is  that  quantity  which, 
when  multiplied  by  the  current  gives  the 
impressed  £.  M.  F.  It  is  equal  to  the 
8<iuare  root  of  the  sum  of  ^e  squares  of  ^e  re- 
sistance and  reactance,  and  is  measured  in  ohms. 
2.  In  storage  batteries,  the  total  resistance 
due  to  all  the  internal  effects  within  the  oeU,  in* 
eluding  internal  ohmio  resistance,  polarisation, 
increase  of  ohmio  resistance  due  to  movement  oi 
gases  in  the  electrolyte,  etc 

Virtual  Value.— ;-In  measuring  values  of 
electrical  quantities  which  vary  as  a  sine 
function,  a  value  equivalent  to  a  constant 
quantity  which  would  produce  the  same 
working  effect  as  the  vaiying  quantity.  It 
is  equal  to  the  square  root  of  the  mean 
square  of  the  instantaneous  values  oi  the 
varying  quantity. 

Virtual  Velocits". — ^In  higher  mechanics, 
a  minute  hypothetical  displacement,  as- 
sumed in  analysis  to  facilitate  the  inves- 
tigation of  statical  problems.  Strictly 
speaking,  it  is  not  a  velocity  but  a  length. 

Virtual  Volts. — In  measuring  the  pressure 
of  alternating  currents  by  voltmeters  cali- 
brated by  the  use  of  continuous  currents, 
the  square  root  of  the  mean  square  value 
of  the  electromotive  force. 

Vis. — 1.  Force;  power. 
2.  Physical  force. 

Viscosity. — ^The  property  possessed  by 
liquids  of  resisting  deformation.  The  idea 
is  also  associated  with  stickiness.  For  pur- 
poses of  comparison,  liquids  are  usually 
referred  to  water  as  1;  with  lubricants, 
rape  oil  is  taken  as  a  standard.  The  usual 
method  of  measuring  viscosities  is  by  measuring 
the  time  taken  by  a  Known  volume  of  the  liquid, 
at  a  known  temperature,  in  flowing  through  an 
aperture  of  known  form  and  dimensions  under 
a  known  pressure.  Thus  tested,  water  will  flow 
rapidly,  while  cylinder  oil  is  very  sluggish,  and 
hence  possesses  great  viscoaUy. 

Viscous  Hysteresis. — ^When  a  weak  mag- 
netic force  is  applied  to  soft  iron,  the  re- 


sulting change  in  the  magnetism  is  not 
completed  instantly.  The  magnetizing 
force  requires  a  certain  time  to  produce 
its  full  effect.  There  is  a  protracted  creep- 
ing up  of  the  magnetism  whicn  goes  on  long  after 
the  magnetic  force  has  become  constvit.  This 
phenomenon  is  called  time-lag  or  viacoua  hyalerent, 
and  is  attributed  to  a  property  of  the  particles  of 
the  iron  known  as  maondixc  viaeonty. 

Vis  InertisB. — ^That  property  of  matter  by 
which  it  tends  when  at  rest  to  remain  so, 
and  when  in  motion  to  continue  in  motion; 
inertia. 

Visual  Allele. — An  angle  formed  by  the 
intersection  of  two  lines  conceived  to  be 
drawn  from  the  extremities  of  an  object  to 
the  center  of  the  eye. 

Visual  Si^^nals. — 1.  In  a  telephone  switch- 
board, the  use  of  miniature  incandescent 
lamps  as  signals  for  attracting  the  attention 
of  tne  operator. 

2.  Telegraphic    signals    transmitted    by 
means  of  light,  as  in  heliography. 

3.  Telegraphic  signals  which  may  be  read 
from  a  dial,  as  in  needle  telegraphy. 

Visual  Teles^lbphy. — Any  form  of  trans- 
mitting messages  over  long  distances  so 
that  the  signals  may  be  read  by  sight,  as 
when  in  needle  telegraphy  the  swinging  of 
the  needle  indicates  the  letters  of  the 
message,  or  in  the  heliograph  flashes  of 
sunlight  are  reflected  from  a  mirror  in 
terms  of  the  telegraphic  code. 

Vis  Viva. — In  physics,  the  active  or  living 
force  of  a  body  or  of  the  particles  of  which 
it  is  composed.  It  may  be  taken  as  tiie 
measure  of  the  mass  multiplied  by  the 
square  of  the  velocity,  although  some 
writers  take  it  as  half  this  quantity. 

Vitreous.— Consisting  of  glass;  of,  pertain- 
ing to,  or  derived  from  glass;  as,  a  vitreous 
substance;  vitric. 

Vitreous  Electricity. — A  term  applied 
to  the  electricity  developed  in  a  gla^  rod 
bv  rubbing  it  with  silk.  This  electric 
charge  will  attract  to  itself  bits  of  pith  or 
paper  which  have  been  repelled  from  a 
rod  of  sealing  wax  or  other  resinous  sub- 
stance which  had  been  rubbed  with  wool  or  fur. 
There  is  thus  exhibited  two  kinds  of  electricity, 
vitreous  or  positive  'electricity  produced  on  glass 
with  silk,  and  resinoiu  or  negative  electricity  pro- 
duced on  sealing  wax  with  wooL 

Vitrics. — ^This  term  includes  the  fused  com- 
pounds in  which  silex  predominat'es,  such 
as  glass  and  some  of  the  enamels;  in  con- 
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tradistinction  to  the  ceramics,  in  which 
alumina  predominates;  such  as  brick,  tiles, 
pottery  imd  certain  of  the  enamels 

Vitrified  Clay. — ^A  clay  which  has  been 
subjected  to  intense  heat  so  as  to  receive  a 
glassv  surface  which  renders  it  absolutely 
proof  against  chemical  action.  It  has  ver^ 
nigh  instdating  properties  which  make  it 
ver^  valuable  for  conduits  in  underground 
wirm^,  being  at  the  same  time  inexpensive 
and  easily  laid. 

VitrioL — 1.  A  name  given  to  atdphuric  add 
or  some  of  its  compoimds,  on  account  of 
their  glassy  appearance  in  certain  states. 
Blue  vitriol  is  hydrous  copper  sulphate; 
ffreen  vitriolf  copperas;  red  mtriol  is  either 
a  sulphate  of  cobalt  or  a  ferric  sulphate; 
white  vitriol  is  hydrated  zinc  sulphate. 

2. ,  In  chemistry,  a  sulphate  of  any  one  of 
certain  metals;  as,  copper,  iron,  line,  cobalt; 
so  called  on  aoeount  of  the  glassy  appeannce  or 
luster. 

Vltrite. — ^A  hard  and  infusible  variety  of 
glass  useful  for  insulating  purposes  in  ele(>- 
trical  apparatus. 

Volatile* — ^Easily  passing  from  the  liquid 
into  the  gaseous  state;  such  as  ammonia 
or  ether.  Substances  which  affect  the  smell 
with  pungent  or  fragrant  odors;  as  musk, 
hartshorn  and  essential  oils  are  called 
volatile   substances,   because   they   waste 

away  on  exposure  to  the  atmosphere.  Alcohol 
and  ether  are  called  volatile  liquids  for  a  similar 
resson,  and  because  they  easily  pass  into  the 
state  of  vapor  on  the  application  of  heat.  On 
the  oontrarvj  gold  is  a  fixed  substance,  because  it 
does  not  suffer  waste,  even  when  exposed  to  the 
heat  of  a  furnace;  and  oils  are  called  fixed  when 
they  do  not  evaporate  on  simple  exposure  to  the 
atmosphere. 

Volatilisatioiif  Eleetrie. — ^The  reduction 
of  a  substance  to  vapor  through  extreme 
electrical  heat. 

Volatilisation  of  Carbons. — The  re- 
duction to  vapor  of  carbon  particles  from 
the  tips  of  the  carbon  electrodes  of  an  arc 
lamp,  forming  a  path  between  them  for  the 
passage  of  the  voltaic  arc. 

Voleanie  JAghtidn^. — Lightning  flashes 
that  accompany  the  eruptions  of  volca- 
noes. 

Volt* — The  practical  unit  of  electromotive 
force  or  difference  of  potential,  equal  to  10* 
absolute  electromagnetic  units;  it  is  that 
E.  M.  F.  which  will  produce  a  current  of 
one  ampere  against  a  resistance  of  one  ohm; 
that  £.  M.  F.  which  would  charge  a  con- 


denser of  one  farad  capacity  with  one  coulomb  of 
electricity:  an  E.  M.  P.  approximately  equal  to 
that  of  a  sinsle  Daniell  cell.  It  derives  its  name 
from  Volta,  the  Italian  electrician. 

Volta»  Alessandro. — Born  1745,  died 
1827.^  An  Italian  physicist,  celebrated  for 
his  discoveries  ana  inventions  in  electric- 
ity. As  professor  of  phvsics  in  Italian 
imiversities  he  devoted  himself  to  elec- 
trical experiments,  and  discoveries  of  great 
importance  resulted.  He  proposed  a  new  theory 
of  electricity  at  variance  with  the  "animal  elec- 
tricity" doctrine  of  Galvini,  sugeesting  that  eleo- 
tric  power  resided  in  metpb,  aind  operated  when 
they  were  in  contact.  In  1775  he  invented  the 
electrophorus,  a  simple  form  off  condenser.  He 
constructed  the  firet  absolute  electrometer,  and  in 
1800  developed  the  famous  electric  *'pile  which 
bears  his  name.  The  following  year  Napoleon 
invited  him  to  Paris  to  show  his  experiments  with 
the  voltaic  pile,  and  a  medal  was  struck  in  his 
honor.  He  lived  to  see  his  work  carried  on  to 
greater  acc(nn|>lishments  bv  Davy,  Oersted  and 
Ampere.  He  is  recognised  as  the  discoverer  of 
current  electricity,  and  in  his  honor  the  unit  of 
electromotive  force  has  been  named  the  voU. 

Volta  Effect* — ^An  effect  discovered  by 
Ulessandro  Volta  as  follows:  If  two  dis- 
similar metals  are  placed  in  contact  and 
then  quickly  separated  an  electric  current 
will  flow  from  one  to  the  other.  The  effect 
is  greatly  increased  b^  submerging  both 
metals  in  a  saline  solution. 

Voltage* — The  electromotive  force  of  a  cir- 
cuit reckoned  in  volts.  The  electromotive 
force  (usually  abbreviated  E.  M.  F.)  is 
that  electric  pressure  which  causes  a  cur- 
rent to  flow  in  a  closed  circuit.  The  prac- 
tical unit  of  E.  M.  F.  is  the  voU,  which  is 
that  E.  M.  F.  that  will  cause  a  current  of  one 
ampere  to  flow  through  a  resistance  of  one  ohm. 
Hence  the  E.  M.  F.  of  a  circuit  measured  in  volts 
is  the  voliaqe  of  that  circuit.  The  voltage  of  a 
dvnamo  is  the  E.  M.  F.  delivered  at  its  terminals. 
This  terminal  or  external  voltage  is  the  basis  of 
calculating  the  efficiency  and  capacity  of  electric 
generators. 

Volta«e  Drop. — ^The  drop  of  potential  in 
an  electric  circuit  due  to  the  resistance  of 
the  conductor.  This  loss  exists  in  every 
circuit,  rt  is  directly  proportional  to  the 
length  of  the  conductor,  and  inversely  pro- 
portional to  its  area  of  cross  section. 

Voltaic. — ^A  term  formerlv  applied  to  elec- 
tric phenomena  produced  by  the  current 
from  primary  or  voltaic  batteries. 

Voltaic  Alternatives. — ^In  electro- 
therapeutics, alternating  currents  derived 
from  a  voltaic  battery. 

Voltaic  Arc. — ^The  source  of  light  in  an 
arc  lamp;  it  consists  of  a  bow  or  arch  of 
brilliant  light  produced  between  the  points 
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of  carbon  rods,  which,  after  being  brought 
into  electrical  contact  and  subjected  to  the 
passage  of  an  electric  current,  are  drawn  a 
short  distance  apart;  the  heat  thus  produced  is  so 
intoise  that  the  carbon  is  disintegrated  and 
vaporised,  and  the  space  between  the  carbon  tips 
becomes  filled  with  carbon  particles  and  vapor,  ; 
wbicht  being  good  conductors,  carry  the  current 
across  in  an  arc  of  intense  light.  | 

Voltale    Battery. — A   group  of  voltaic  ; 
cells  employed  in  combination  as  a  source 
of  electric  energy;  a  primary  battery  as 
distinguished  from  a  secondary  or  storage 
battery. 

Voltale  Cell* — In  its  simplest  form,  a  ves- 
sel containing  a  liquid,  called  the  elec- 
trolyte, into  which  two  dissimilar  metals, 
called  electrodes,  are  immersed;  upon  one 
of  which  the  liquid  exerts  chemical  action, 
so  that  an  electric  current  is  set  up  through 
a  circuit  formed  by  a  metallic  contact  be- 
tween the  electrodes  by  means  of  an  ex- 
ternal conductor;  a  primary  cell. 

Voltale  Clreult. — ^The  path  traversed  by 
the  electric  current  generated  in  a  voltaic 
cell  through  the  external  conductors,  and 
back  again  to  the  cell. 

Voltale  Couple. — ^The  two  dissimilar 
metals  which  form  the  electrodes  of  a  vol- 
taic cell. 

Voltale  Effeet. — ^The  effect  of  voltaic  or 
current  electricity  discovered  by  Volta  to 
result  from  the  contact  of  dissimilar  metals 
under  certain  circumstances.  This  dis- 
covery resulted  from  Galvani's^  famous 
frogs'  legs  experiment.  Galvani  attrib- 
uted the  muscular  twitchinin  to  electricity  resid* 
ing  in  animal  tissue,  but  Volta  more  nearly  ap- 
proached the  truth  when  he  concluded  that  the 
effect  was  due  to  the  contact  of  the  two  metals 
with  which  the  muscles  made  connection.  This 
led  to  the  discovery  that  when  a  plate  of  zinc  and 
one  of  copper  are  placed  in  dilute  sulphuric  acid 
and  joined  by  a  wire,  a  current  of  electricity  trav- 
erses Uie  wire.  From  this  the  voUaxe  or  pnmary 
battery  was  the  development. 

Voltale  Eleetrlelty.^-Electricitv  derived 
from  the  action  of  a  voltaic  cell;  cwrrerU 
dectriciiy, 

Voltale  Eleetromotlve  Foree. — ^The 
difference  of  potential  between  the  elec- 
trodes of  a  voltaic  cell  produced  by  the 
chemical  action  of  the  electrolyte. 

Voltale  Elements. — The  electrodes  or  me- 
tallic elements  of  a  voltaic  or  primary  cell. 
If  a  strip  of  zinc  and  another  of  copper  be 
introduced  into  a  dilute  solution  of  sul- 


phuric acid,  and  the  terminals  of  the  two 
metals  be  joined  by  a  conducting  wire,  a 
flow  of  voltaic  or  current  electricity  will  be  set  up 
between  the  metals  throu^^h  the  solution  and 
around  the  circuit  of  the  wire.  These  elemoits 
are  used  in  pairs,  and  henoe  are  often  known  as 
voUaic  couples. 

Voltale  Heat  CelL — ^A  voltaic  cell  in 
which  heat  serves  to  produce  chemical 
action  in  the  materials  of  the  cell  for  gener- 
ating a  current. 

Voltale  Pairw — A  voltaic  couple,^  a  pair 
of  dissimilar  elements,  such  as  sine  and 
copper  or  zinc  and  carbon  which,  when 
dipped  into  an  electrolyte  such  as  a  solu- 
tion of  sulphuric  acid,  will  cause  a  flow  of 
electricity  throug}i  a  wire  joining  their 
terminals. 

Voltale  Pile. — An  early  form  of  battery 
devised  b^  Volta,  consisting  of  a  series  of 
pairs  of  zmc  and  copper  disks  in  electrical 
contact  placed  on  top  ci  one  another,  each 
pair  bemg  separated  from  the  next  by 
moistened  paper  acting  as  a  cell.  A  con- 
siderable difference  of  potential  develops  between 
the  sine  and  copper  terminals  of  the  pile,  the 
electromotive  force  increasing  with  the  number 
of  metallio  pairs  employed. 

Voltalsm* — ^The  branch  of  the  science  of 
electricity  which  treats  of  the  production 
of  currents  by  the  action  of  a  solution  upon 
disBimilar  metals  immersed  in  it. 

Voltameter. — An  electrolytic  cell  em- 
ployed as  a  means  of  measuring  an  electric 
current  by  the  amount  of  chemical  decom- 
position the  current  effects  in  passing 
through  the  cell. 

Voltametiie  I«aw« — The  law  on  which 
measurement  by  the  voltameter  is  based, 
viz.:  that  the  amount  of  chemical  decom- 
position effected  by  an  electric  current 
passing  through  a  solution  is  proportioDal 
to  the  quantity  of  the  current. 

Volt-ammeter. — ^The  wattmeter ^  an  instru- 
ment for  measuring  the  watts,  or  the 
product  of  the  volta  and  amperes,  in  an 
electric  circuit.  Wattmeters  are  generally 
based  upon  the  Siemens  dynamometer 
which  has  two  coils,  one  fixed  and  the 
other  movable,  through  which  the  current 
to  be  measured  is  passed  in  series. 

Volt-ampere. — ^The  XDottf  the  unit  of  elec- 
tric power,  being  one  ampere  multiplied 
by  one  volt.  It  is  the  rate  at  which  work 
is  expended  when  one  ampere  flows  under 
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a  pressure  of  one  volt.  It  is  eoual  to  one 
joule  per  second ,  and  is  equivalent  to  ^^^ 
of  one  horse  power. 

Volta's  Condensing   Electroscope. — 

A  device  by  which  Volta  exhibited  the 
production  of  electricity  by  the  contact  of 
two  dissimilar  metals.  It  consisted  of  a 
simple  gold  leaf  electroscope  combined 
with  a  small  condenser.  A  comp>ound  bar 
of  two  unlike  metals  when  brousbt  in  contact  with 
one  of  the  plates  of  the  condenser,  during  the 
course  of  the  experiment,  leaves  an  electric  cnaree 
which  ia  shown  by  the  divergence  of  the  gold 
leaves. 

Volta's  Law. — A  law,  first  stated  by 
Volta,  that  when  a  number  of  metals  are 
in  contact  in  series,  the  total  electromotive 
force  of  the  extremes  of  the  series  is  equal 
to  the  algebraic  sum  of  the  electromotive 
forces  at  the  several  junctions. 

Volt-coulomb. — ^The  joidej  the  unit  of  elec- 
trical energy,  being  one  coulomb  multi- 
plied by  one  volt.  It  is  the  amount  of 
work  done  in  transferring  one  coulomb  of 
electricity  (an  ampere  maintained  for  one 
second)  imder  an  electromotive  force  of 
one  volt.  It  is  equal  to  10'  ergs,  or  abso- 
lute units  of  work. 

Volt  Indicator. — ^A  voltmeter^  an  instru- 
ment for  measuring  directly  m  volts  the 
difference  in  potential  between  any  two 
points  in  an  electric  circuit.  The  volt- 
meter is  a  high  resistance  ammeter.  The 
chief  difference  between  the  two  instru- 
ments is  that  while  the  ammeter  has  a  very  low 
resistance  so  that  the  current  may  flow  through 
it  with  the  least  possible  opposition,  the  voltmeter 
{Cives  itB  deflection  with  a  veiy  small  curxeat»  and 
its  resistance  ia  always  high. 

Voltmeter. — An  instrument  of  high  resist- 
ance for  measuring  differences  of  potential 
in  volts;  it  is  essentially  a  current  meter, 
but  is  so  calibrated  as  not  to  give  the 
strength  of  the  current  as  an  ammeter,  but 
the  electromotive  force  which  produces  the 
current. 

Voltmeter  Panel  of  Switchboard. — ^A 

switchboard  panel  in  a  central  station  on 
which  the  voltmeters  are  set  up. 

Voltmeter  Switch. — A  switch  by  means 
of  which  a  voltmeter  may  be  connected 
with  any  desired  circuit. 

Volume  Density. — ^The  quantity  of  elec- 
tricity per  unit  volume  at  a  given  point 
upon  a  charged  body. 


Volume  Specillc  Resistance. — ^The  re- 
sistance between  opposite  faces  of  a  unit 
cube  of  a  substance. 

Volume  Voltameter. — ^A  voltameter 
which  determines  the  strength  of  an  electric 
current  by  measuring  the  amount  of  gas 
evolved  from  the  solution  by  the  passage 
of  the  current;  a  gas  or  water  voltameter. 

Vortex  Atom* — ^According  to  the  vortex 
theory,  a  hypothetical  ring  shaped  mass  of 
elementary  matter  having  a  constant 
whirling  motion,  regarded  as  the  state  of 
every  atom  in  tne  universe. 

Vortex  Ring^. — A  ring  having  motion  in  a 
direct  line,  moving  upward  or  otherwise, 
and  revolving  inwardly  upon  the  axis  of  its 
circumfere4ice;  a  round  rubber  band  about 
a  stick,  as  the  band  is  forced  along  the 
stick  will  rotate  inwardly  and  fumian  an 
example  of  vortex  motion. 

Voucher. — 1.  One  w!  o  vouches,  or  gives 
witness  o.*  full  utte  tation  to  anything. 

2.  A  book,  paper  or  document  which 
serves  to  roitch  the  truth  of  acnoimts^  or 
to  confirm  and  establish  facts  of  any  kind; 
also  any  acquittance  or  receipt  showing  the 
payment  of  a  debt;  as,  the  merchant's  books  are 
his  vouchere  for  the  oorrectoess  of  bis  accounts: 
notes,  bonds,  receipts  and  other  writings,  are  used 
as  vouehers  ia  proving  facts. 

V  Point. — A  V  Bhapned  point;  a  point 
formed,  as  by  converging  Imes. 

V  Thread. — 1.  A  screw  thread  formed  by 
means  of  a  sharp  pointed  tool  as  contrasted 
with  a  square  thread. 

2.  A  standard  thread  for  pipes,  tubing, 
etc.,  with  an  angle  of  60^  between  the  sides. 

Vulcabeoton. — ^An  insulating  compound 
composed  principally  of  asbestos  and  vul- 
canized rubber.  It  is  tough,  strong, 
non-absorbent  and  heat  resisting,  and  is 
recognized  as  one  of  the  standard  materials 
for  insulating  electrical  apparatus. 

Vulcanite. — A  hard  compound  produced 
by  heating  rubber  to  a  high  temperature 
(175°-200*>  C.)  and  mixing  it  with  sulphur. 
As  an  insulating  material  its  dielectric 
strength  is  very  lugh,  but  it  oxidizes  in  the 
air  and  is  affected  by  oil.  It  is  also  caUed 
ebonite  and  hard  rubier. 

Vulcanisation. — ^The  art  or  process  of  im- 
parting new  properties  to  caoutchouc  or 
rubber  by  causing  it   to  combine   with 
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sulphur  through  the  agency  of  a  high  tem- 
perature. This  may  be  so  done  as  to  leave 
it  soft  and  elastic,  or  to  harden  it  into  a 
substance  like  horn. 

Viilca»iiise« — ^To  combine  sulphur  with  nat- 
ural rubber  in  order  to  prolong  the  life  of 
its  elasticity  and  to  prevent  its  softening 
by  heat. 

Vnlcanised  Fiber* — A  very  strong  and 
tough  insulating  material  made  from  vege- 
tabie  fiber  wMch  has  been  chemically 
treated,  strongly  compressed  and  vulcan- 
ized. Though  it  absorbs  moisture,  it  is 
not  injured  by  so  doing,  and  it  is  insoluble 
in  ordinary  aolvente.  It  comes  in  two  grades, 
hard  and  jtexxblB,  and  is  easily  machined.  It  is 
used  for  magnet  bobbin  insulators,  and  for  other 
work  in  dry  locations,  also  for  lining  and  insula- 
ting machine  parts. 

Vnlcanised  Rubber.  —  A  compound 
formed  by  heating  rubber  to  a  tempera- 


ture of  120°  to  150°  C,  and  mixing  it  with 
sulphur.  Rubber  is  thus  changed  into  an 
elastic  but  not  plastic  substance,  which  is 
not  affected  by  moderate  temperatures 
and  is  less  Uable  to  deteriorate  than  un- 
treated rubber.  All  rubber  insulation  for 
electrical  purposes  is  made  of  vulcanized 
rubber. 

Vnleajiiser. — ^A  furnace  in  which  the  flasks 
containing  the  component  parts  are  exposed 
to  a  heat  sufficient  to  combine  the  smjihur 
and  caovichouCf  and  produce  the  compound 
called  vulcanite. 

Vnleaniring  Poles* — ^A  method  of  treat- 
ing wooden  telegraph  and  other  poles  to 
prevent  decav,  consisting  of  heating  the 
pole  in  a  closed  vessel  to  a  tempera- 
ture of  about  600°  F.,  for  the. purpose 
of  thoroughly  expelling  the  sap  from  the 
wood. 


W. — ^The  symbol  for  toork, 
dtctrieal  antrgy,  matt-hmtr  or 
the  jmJe, 

Wall  Anchor,— la  erecting, 
a  bsr  of  iron  with  a  plat« 
or  foot  Bt  risht  andes  to  it, 
built  into  the  thicluiew  of 
a  brick  wall;  the  bar  end  is  spiked  to  a 
besm  or  floor  ioist,  to  tie  the  opposite 
walls  together,  the  plate  or  foot  bemg  be- 
tween the  thicknesses  of  brick,  or  on  tbe 
outside,  secured  by  nuts  or  riveting. 

Wall  BMuriny. — 1.  In  machinery,  a  bear- 
ing for  receiving  a  shaft  when  entering  or 
passing  through  a  wall.  It  is  [a^itected 
by  a  caat  iron  easing,  built  into  the  wall, 
the  bottom  of  which  serves  as  a  bed  plate 
for  the  ptummar  bli/ek,  the  upper  part  sup- 
porting the  mas<Huy  above. 

2.  In  architecture,  that  part  of  a  beam, 
girder  or  truss  which  reste  on  the  wall. 


,   A  lamp  bracket 


a  the  wire  is  to  be  led  into 


Wall  BrMcket,— 1. 

attached  to  a  walL 

3.  In  overhead  wiring,  a  bracket  for  the 
support  of  an  insulator  against  a  wall, 
espedally  wh 
a  building. 

Wall  Plus* — A  plug  designed  to  be  intro- 
duced into  a  wall  socket  for  the  purpose 
of  making  electrical  connectioD  with  the 
supply  wires. 


WftUSoekat. — 1.  A  lamp  socket,  or  recep- 
tacle, supported  on  a  wall. 

2.  Any  socket  placed  in  a  wall  for  the 
purpeee  of  admitting  a  plug  for  making 
electrical  connection  with  supply  wires. 

Waad,  ElMttrle. — A  ^s  tighter  containing 
an  electrical  device  for  produdns  a  spark, 
which  is  operated  by  pressing  a  outtim  in 
the  handle. 


spherical  spark  wandering  over  the  surfsce 
ta  the  tin  foil,  when  a  fault  occurs  in  the 
mica  plate. 


Wftnted  St«.tIon.— A  term 
used  in  a  telephone  ex- 
change to  designate  a  Kta- 
tion  with  which  a  subscriber 
wants  a  connection. 

Waahfanm  »nd  Ho  en 
Wire    OMOffe.— A    wire 

Euge  prepared  by  the  Washburn  and 
len  Mfg.  Co.  It  is  identical  with  the 
Rodiling  gauge.  Its  dimensiona  vary  from 
No.  0000  which  ie  equal  to  .3938  inch  to 
No.  36  equal  to  .009  inch. 


wuBM-  Plate. — In  pole  line  construction, 
heavy  metal  plate  buried  in  the  ground 
10  serve  as  an  anchor  to  a  guy  wire. 

W»«t«  ChanneL — In  hydraulics,  a  spill- 
WBV  or  channel  whereby  Hood  water  from 
a  dam  or  intake,  or  the  surplus  water  from 
'         'a  lower  watei^ 


Waat«  Fields— The  tlrau  field  or  leakage 
flux.  That  portion  of  the  magnetic  field 
of  force  which  fails  to  pass  through  the 
armature,  and  hence  does  not  contribute 

to  the  generation  of  current. 

Waate  Weir.— In  water  reservoira,  a  weir 
constructed  at  one  side  of  the  impounding 
dam,  for  carrying  oS  any  surplus  waters 
that  may  accumulate  from  the  sprinp  or 
other  source  of  supply. 

Wateli  Caae  BeoelTar.^A  compact  form 
of  telephone  receiver  resembling  a  watch 
case  in  shape.  This  type  is  used  in  tele- 
phone exchanges.  The  receiver  is  held 
constantly  at  the  ear  of  a  switchboard 
operator  by  means  of  a  head  band,  both 
hands  being  thus  kept  free  for  manipulat- 
ing the  switchboard. 


recording  the  time  n  night  wHtchman  ar- 
rives at  a  point  in  his  rounds,  and  makes 
or  breaks  the  circuit  which  operates  the 

Wat«r  Batt«rj. — A  group  of  primary 
cells  containing  zinc-copper  couples  in  un 
electrolyte  of  water.  Such  a  battery  may 
be  used  in  the  calibration  of  electrometers. 


Water  Box. 
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Water  Box* — A  name  given  to  a  water 
rheostat  in  the  form  of  a  wooden  box  con- 
taining metal  plates  immersed  in  slightly 
acidulated  water. 

Water  Cell. — ^A  primary  cell  consisting  of 
a  zinc-copper  couple  in  an  electrolyte  of 
water. 

Water  Cooled* — Gas  and  gasoline  engines 
are  said  to  be  water  cooled  when  a  water 
jacket  surrounds  the  cylinders,  to  carry 
off  the  heat  of  combustion,  which,  if  un- 
checked would  volatilize  the  lubricant. 
The  circulation  is  maintained  either  by 
a  pump  or  by  thermo-syphonic  action. 
Small  automobile  engines  are  frequently 
air  cooled. 

Water  Cooled  Transformer. — ^A  trans- 
former that  is  kept  cool  by  maintaining  a 
circulation  of  water  about  its  coils. 

Water  Cooling. — A  means  of  carrying  off 
heat  from  a  machine  or  apparatus  by  sur- 
rounding the  parts  whicn  are  liable  to 
undue  rise  in  temperature  by  a  system  of 
water  circulation.  In  transformer  prac- 
tice, water  is  often  circulated  through  the 
coDs  to  lower  the  temperature. 

Water    Dropping    Accumulator. — An 

apparatus  for  exmoiting  the  electrification 
of  the  atmosphere,  consisting  of  a  metal 
can  filled  witn  water  resting  upon  an  in- 
sulated support,  and  allowed  to  discharge 
from  an  orifice  so  small  that  the  water 
breaks  away  in  detached  drops  which  serve 
to  convey  electric  charges. 

Water  Gktug^. — A  boiler  fitting  used  to 
indicate  the  height  of  the  water  within 
a  boiler.  It  consists  of  a  glass  tube  con- 
nected with  the  boiler  by  brass  elbow 
seatings,  at  such  an  elevation  that  the 
lower  and  upper  ends  of  the  tube  will  be 
the  lowest  and  highest  permissible  water 
levels. 

Water  Glass. — Soluble  glass,  used  as  a 
protective  coating  for  various  objects. 

Water  -  Gram  -  "Degree  -  Centi^frade. — 

The  unit  of  heat  known  as  the  small  calorie, 
being  the  amount  of  heat  required  to  raise 
the  temperature  of  one  gram  of  water  one 
degree  Centigrade. 

Water  Grate. — ^When,  as  in  certain  steam 
boilers,  to  increase  the  heating  surface, 
hollow  water   tubes  are   used   for   grate 


bars,  the  arrangement  is  termed  a  tDoler 
grate. 

Water  Hammer. — ^A  noiae  resembling  the 
blows  of  a  hammer,  caused  by  the  pul- 
sative  action  of  entrained  water  within  a 
steam  pipe.  It  is  very  dangerous,  pipes 
being  ruptured  at  bends,  etc.,  by  the 
force  of  previously  condensed  water  driven 
against  them  when  steam  is  admitted. 

Water  Jet  Arrester. — A  form  of  lights 
ning  arrester  sometimes  used  in  water 
power  electric  plants.  It  may  consist 
either  of  a  jet  of  water  playing  upon  a 
conductor  connected  to  the  lines,  or  a 
column  of  water  c(Hitained  in  an  insulated 
pipe,  and  connected  at  one  end  to  the  earth  and 
at  the  other  to  the  line.  It  affords  s  better  pro- 
tection aiEainst  static  chaiKcs  than  against  light- 
ning because  of  high  resistance. 

Water  Pipe  Resistance. — ^The  resistance 
ofifered  to  the  flow  of  water  by  the  inner 
smrface  of  a  conducting  pipe. 

Water  Power  Electric  Plant. — A  power 
house  for  generating  electricity,  usually  for 
long  distance  transmission  in  which  the 
force  of  falling  water  is  utilized  as  the 
source  of  power;  a  kydro-electric  plant. 

Waterproof  Wire. — ^An  electric  conduc- 
or  protected  by  a  waterproof  covering. 

Water  Rheostat. — A  device  for  absorbing 
the  energy  developed  in  testing  dynamos 
and  other  electrical  apparatus,  it  con- 
sists essentially  of  a  wooden  box  or  barrel 
containing  acidulated  water,  in  which  are 
immersed  two  metal  electrodes  which  can 
be  adjusted  with  relation  to  each  other. 

Water  Tube  Boiler.— This  term  is  ap- 
plied to  a  class  of  boilers  in  which  the 
water  is  contained  in  a  series  of  tubes, 
of  comparatively  small  diameter,  which 
communicate  with  each  other  and  with 
a  common  steam  chamber.    The  flames 

and  hot  Kases  circulate  between  the  tubes  and 
are  usually  guided  by  partitions  so  as  to  art 
equally  on  all  portions  of  the  tubes.  There  are 
many  varieties  of  this  type  of  boiler. 

Water-tube  Dead-beat  Suspension* — 

A  method  of  damping  the  oscillations  of  a 
galvanometer  by  attaching  to  the  needle 
or  mirror  a  vane  of  mica  which  turns 
against  the  resistance  of  wafier  in  a  gjUiss 
tube. 


Water  Voltameter. — A  device  for  meas- 
uring an  electric  current  by  the  amount 
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of  gas  liberated  by  the  electrolysis  of  water 
performed  by  the  current;  also  known  as 
gas  voltameter. 

Watt, — The  practical:  unit  of  electrical 
power  or  rate  of  working,  eaual  to  10'  ergs 
per  second;  it  is  the  power  auc  to  a  current 
of  one  ampere  flowmg  under  an  electro- 
motive force  of  one  volt;  equal  approxi- 
mately, to  if\j  of  one  horsepower;  the  volt- 
ampere.  It  derives  its  name  from  James 
Watt,  the  English  engineer.  See  also  tn- 
temational  toatt. 

Wattage* — In  incandescent  electric  light- 
ing, the  number  of  watts  of  electric  current 
consumed  by  a  lamp  in  order  to  provide  a 
given  candle  power  of  light.  The  commer- 
cial term  is  watts  per  candle. 

Watt  Arc* — ^A  voltaic  arc  in  which  the 
electric  power  expended  is  measured  in 
watts. 

Watt  Balance* — ^An  electric  balance  in- 
tended to  measure  electric  power  in  terms 
of  watts. 

Watt  Component. — In  an  alternating 
current,  that  component  of  the  current 
which  is  in  phase  with  the  E.  M.  F.,  as  dis- 
tinguished from  the  wattless  component 
which  is  at  ri^t  angles  to  the  E.  M.  F. 
The  watt  component  is  also  known  vari- 
ously as  the  active^  power,  working  or  energy 
component. 

Watt-hour. — A  unit  of  electrical  work, 
equal  to  a  rate  of  one  watt  expended  for 
one  hour. 

Watt-hour  E  f  f  i  c  i  e  n  c  y  of  Storag^e 
Battery. — ^The  ratio  of  the  watt-hours 
obtained  from  a  storage  battery  to  the  watt- 
hours  required  to  charge  it;  the  real  or 
energy  efficiency  as  distinguished  from  the 
quantity  or  ampere-hour  efficiency. 

Watt-hour  Meter. — ^A  meter  for  deter- 
mining the  amount  of  electrical  power  con- 
sumed in  watt-hours. 


Watt,  James.— Born  1736,  died  1819.  A 
Scottish  engineer  and  inventor,  famous  for 
his  improvements  in  the  design  of  the 
steam  engine.  While  repairing  a  model 
of  Newcomen's  steam  engine,  he  discovered 
the  cause  of  its  waste  of  power,  and  he  de- 
vised the  separate  condenser  nnd  the  air  pum(>  to 
lemedy  the  defect  (1765).  He  patented  his  im- 
proved steam  engine  (1769),  and  entered  into 


partnership  with  Matthew  Boulton  for  the  manu- 
facture of  steam  engines,  in  which  be  continued 
for  twenty-five  yeare  (1775-1800).  During  that 
time  be  mtroduced  many  important  improve- 
ments of  his  own  invention,  making  use  of  the 
expansiveness  of  steam  to  obtain  the  double 
stroke  (1782).  He  discovered  the  composition 
of  water  (1782])  and  projected  the  screw  propeller 
(1784).  At  his  death  a  national  monument  to 
him  was  erected  in  Westminster  Abbey.  The 
name  teaU  was  given  to  the  unit  of  electno  power 
in  his  honor. 

Wattless  Component. — In  an  alterna- 
ting current,  a  component  of  the  current 
in  quadrature  with  the  volts  so  that  it  fails 
to  contribute  to  the  energy  of  the  current; 
the  idle  component  as  distinguished  from 
the  active  or  working  component. 

Wattless  Current. — In  an  alternating 
current,  a  component  in  quadrature  with 
the  electromotive  force  so  that  it  fails  to 
contribute  to  the  power  of  the  current; 
the  idle  current  as  distinguished  from  the 
working  current. 

Wattless  Electromotive  Force« — ^In  an 

alternating  current,  a  component  of  the 
voltage,  which,  being  in  quadrature  with 
the  current  strength,  fails  to  contribute  to 
the  pressure  of  the  current. 

Wattmeter. — ^An  electrical  instrument  de- 
signed to  measure  directly  the  products  of 
the  amperes  and  volts  in  a  circuit  and  give 
its  readings  in  watts,  a  volt-ammeter.  In 
the  dynamometer  type  there  are  two  coils, 
or  sets  of  coils,  one  of  which  is  fixed  ana 
the  other  movable.  The  movable  coil  is  con- 
nected in  the  current  circuit,  and  the  fixed  coil  in 
the  pressure  circuit,  or  the  reverae.  The  induc- 
tion type  is  used  on  alternating  current  circuits. 
In  this  type,  electromagnets  are  arranged  near  a 
vane  in  which  eddy  currents  are  caused  to  flow 
which  react  on  the  magnetic  field,  and  the  record 
made  is  proportional  to  the  force  of  the  reaction. 
A  recordino  wattmeter  is  one  that  will  register  the 
watt-hours  expended  during  an  interval  of  time. 

Watt-minute. — A  imit  of  electrical  work, 
ec^ual  to  a  rate  of  one  watt  expended  for  a 
mmute  of  time. 

Watt-seooncL — A  unit  of  electrical  work, 
equal  to  a  rate  of  one  watt  expended  for 
one  second  of  time. 

Watts  per  Candle.-^-The  specific  con- 
sumption of  an  electric  lamp  is  its  watt 
consumption   per  mean   spherical   candle 

{)ower.  In  connection  with  incandescent 
amps  the  term  '*  watts  per  candle"  is  used 
commercially  to  denote  watts  consumed 
per  mean  horizontal  candle  power. 


Wave  Form  of  AUernaiing  Current, 


494 


Weedirtg-out  of  Harmonics, 


Wave  Form  of  Alternating^  Current. — 

If  the  successive  values  of  the  electromotive 
force  of  an  alternating  current  generator  be 
plotted  on  a  time  base,  the  resulting  curve 
resembles  a  series  of  waves  or  undulations, 
and  closely  follows  a  sine  curve  in  form.  In 
general  the  E.  M.  F.  curve  of  an  alternator 
may  be  assumed  to  be  a  sine  curve  as  an 
average  shape. 

Wave  Length* — In  periodic  motion  taking 
place  in  any  medimn,  the  length  of  the  wave 
IS  the  distance  from  any  given  particle  in 
the  medium  to  the  next  particle  which  has 
similar  displacement  and  motion.  In  a 
wave  of  water  the  wave  length  is  the  dis- 
tance from  crest  to  crest  or  from  hoUow  to 
hollow. 

Waves*  Electromai^etie* — ^Waves  set 
up  in  the  universal  ether  by  electromag- 
netic vibrations,  as  when  an  oscillator 
transmits  ether  vibrations  in  wireless  teleg- 
raphy. 

Wave  Winding. — ^A  method  of  arranging 
the  coils  upon  a  dnmi  armature,  in  which 
the  conductors  travel  around  the  armature 
without  turning  back  until  all  the  coils  are 
connected,  thus  describing  a  zigzag  or 
wavy  path;  also  called  series  or  undvlatory 
winding. 

Way  Leaeot  or  Leave* — A  right  of  way 
obtained  from  a  property  holder  for  erecting 
telegraph  poles  or  other  electric  appliances 
across  his  land  or  over  his  buildings. 

Way  Line. — ^In  telegraphy,  a  line  connect- 
ing intermediate  stations. 

Way  Office  Cut  Out. — In  telegraphy,  a 
cut  out  by  means  of  which  a  way  line  may 
be  readily  disconnected. 

Ways  for  Dynamo. — ^Provisions  made  on 
a  dynamo  base  for  moving  the  machine  a 
short  distance,  when  required  to  change 
its  position. 

Way  Station. — ^In  telep-aphy,  any  inter- 
mediate station  as  distinguished  from  a 
terminal  station. 

Way  Traffic. — ^In  tele^phy,  communica- 
tion between  way  stations. 

Wear. — ^The  diminution  or  lessening  of 
substance  occasioned  by  the  use  of  any- 
thing, principally  through  the  slow  mutual 
abrasion   of   pieces  in   frictional   contact 


with  each  other.  Machinery  parts  which 
are  subject  to  wear  are  generally  provided 
with  means  for  adjustment,  so  as  to  take 
up  the  slackneBS  produced. 

Weather  Contaet  or  Cross. — A  leak  oc- 
curring in  an  overhead  line  at  the  insula- 
tors during  wet  weather,  because  of  the 
weakening  effect  of  moisture  upon  the  in- 
sulation. 

Weatherproof  Wire. — An  electric  con- 
ductor protected  from  the  weather  by  a 
waterproof  covering,  consisting  usually  of 
braided  cotton  of  two  or  three  thicknesses 
saturated  with  an  insulating  compound. 

Weber. — A  name  formerly  given  to  the 
unit  of  electric  current  now  Jmown  as  the 
ampere.  The  name  weber  has  also  been 
proposed  for  the  unit  of  magnetic  pole 
strength,  though  never  generally  adopted. 

Weber,  Wilhehn  Ednard.— Bom  1804. 
died  1891.  A  German  physicist,  noted  for 
his  researches  in  maenetism  and  electricity, 
and  especially  for  the  introduction  of  the 
absolute  system  of  electrical  units,  first 
adopted  in  1881. 

Weber*s  Theory  of  Mag^etisnu — The 

theory  that  in  an  immagnetized  iron  bar 
all  the  constituent  atoms  are  individual 
molecular  atoms  lying  with  their  axes  in 
irregular  directions;  but  when  a  magnet- 
izing force  is  applied^  the  molecules  tend  to 
become  set  with  theur  axes  pointing  in  the 
same  direction.  It  is  practically  identical 
with  Hughes'  theory. 

Wedsre. — ^A  pair  of  inclined  planes,  united 
bv  tneir  bases  or  back  to  back.  If,  instead 
of  moving  a  load  on  an  inclined  plane,  the 
plane  itself  be  moved  beneath  the  load,  it 
then  becomes  a  wedge.  All  cutting  and 
piercing  instruments,  such  as  knives, 
razors,  chisels,  nails,  pins,  needles,  etc.,  are 
wedges. 

WedM  Battery. — ^A  battery  for  a  tele- 
graph circuit  employing  a  wedge  or  plug 
for  making  the  necessary  connections. 

Wed|pe  Cut  Out. — ^In  a  telegraph  circuit, 
a  cut  out  effected  by  the  insertion  or  with- 
drawal of  a  specially  designed  wedge  or 
plug. 

Weedin|r*out  of  Harmoniee. — ^In  a  com- 
plex harmonic  current,  the  gradual  reduc- 
tion of  the  upper  harmonics  by  changing 
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the  frequency  until  a  resonance  is  obtained 
with  the  fundamental  frequency. 

Weep  Hole« — ^A  small  hole  left  for  drainage 
through  the  masonry  of  a  retaining  wall, 
or  of  a  bridge  abutment,  etc. 

Weigrl^t  Efflcienejr  of  Transformer. — 

The  efficiency  of  a  transformer  considered 
in  relation  to  its  dimensions  and  weight. 

Weig^ht  of  CoaL — ^The  weight  of  coal  in 
the  solid  lump  is  from  70  to  80  pounds  per 
cubic  foot  for  bituminous  grades,  and  from 
85  or  90  to  100  pounds  per  cubic  foot  for 
anthracite  grades.  When  broken  up  in 
ordinary  commercial  sizes,  however,  its 
weight,  tn  bulk,  w  usually  from  60  to  64  pounds 
per  cubic  foot  for  bituminoua,  and  from  6S  to  68 
pounds  per  cubic  foot,  for  anthracite.  These 
weights  correspond  to  an  allowance  of  from  42  to 
45  cubic  feet  per  ton  of  2240  pounds  for  bitumi- 
nous grades,  and  from  30  to  42  cubic  feet  per  ton 
for  anthracite  grades.  In  estimating  the  capacity 
of  coal  bunkers,  ^e  above  figures  are  usually 
taken,  varied  however,  by  the  sise  of  the  lumps 
of  coal. 

Weig^lit-per-mile-oliiii. — A  standard  of 
conductivity  used  in  comparing  the  relative 
electrical  resistance  of  various  grades  of 
metals  used  in  making  wire.  It  is  the 
weight  of  a  conductor  a  mile  long,  and  of 
such  uniform  cross  section  as  to  have  a 
resistance  of  one  ohm.  The  greater  the  conduct- 
ivity, the  leas  is  the  weight-per^mile-ohm.  The 
weight-per-mile-ohm  of  pure  copper  is  869  lbs., 
that  is,  a  wire  one  mile  long  of  pure  copper  ana 
having  a  resistance  of  one  ohm  weighs  869  lbs. 

Weig^ht  Voltameter. — A  voltameter,  such 
as  a  gas  or  silver  voltameter,  in  which  the 
amount  of  chemical  change  wrought  by 
the  electric  current  is  measiu*ed  by  weigh- 
ing one  or  more  of  the  products  of  the  elec- 
trolysis. 

Weir. — ^A  wall  or  dam  across  a  stream,  over 
the  top  of  which  the  escaping  water  flows. 
The  oDJect  of  placing  a  weir  may  be  for 
raising  the  level  or  for  affording  a  means 
of  measuring  the  quantity  which  passes; 
in  the  first  case,  the  impounded  water  may 
be  led  to  a  mill,  a  sluice  or  a  fish  trap;  in  the 
second  the  mean  depth  of  water  flowing  over  the 
weir  is  carefully  gauged,  and  its  speed  noted  bv 
continuous  observations.  For  measuring  small 
streams,  a  notched  board  is  employed,  and  under 
the  name  of  tumbling  bay^  its  use  is  very  common. 

Welded  R»il  Bond. — ^A  method  of  joining 
rails  in  which  bolts  are  dispensed  with,  the 
ends  of  two  rails  being  firmly  welded  to- 
gether by  an  electric  welder  specially  de- 
signed for  the  purpose. 


Welder*  Electric. — An  apparatus  for 
welding  metals  by  electricity;  it  consists 
essentially  of  an  alternator  supplying  a 
current  of  given  frequency,  a  welding 
transformer  for  reducing  the  pressure  and 
increasing  the  volume  of  the  current  and 
at  the  same  time  automatically  making  the 
welds,  and  an  apparatus  for  regulating  the 
current  furnished  to  the  transformer. 

Welding^. — ^The  art  or  process  of  incorpo- 
rating two  pieces  of  wrought  metal  together 
while  at  a  white  heat,  ^v-hen  they  are  in  a 
plastic  or  semi-fused  condition.  The  pieces 
to  be  welded  are  scarf ed,  formed  into  a  bird'e 
numthj  or  else  simply  upset  and  butted  to- 
gether. Large  pieces  ^may  be  glut  wdded  by  the 
addition  of  stick-in  pieces  on  either  side  oi  the 
joint.  A  variety  of  fluxes  are  used,  to  preserve 
the  metal  from  forming  a  film  of  oxide  or  to  clean 
the  surfaces;  of  these  borax  is  probably  the  best. 

Welding  Converter. — A  special  tjrpe  of 
transformer  for  use  in  electric  welding.  It 
has  two  laminated  cores,  and  Imked  with 
them  a  heavy  copper  casting  which  is  the 
secondary  coil  with  only  one  turn.  The 
primary  winding  of  many  turns  is  arranged 
to  lie  within  the  groove  of  the  secondary.  Sliding 
clamps  are  provided  in  which  the  metal  to  be 
heated  is  held.  The  line  pressure  mav  be  reduced 
to  one  or  two  volts  with  proportional  increase  in 
voliune,  which  generates  great  heat  in  the  metal 
to  be  welded. 

Weldings*  Electric. — ^The  operation  of 
welding  metals  together  by  heating  them, 
while  firmly  butted  together,  by  an  elec- 
tric current  of  great  volume,  and,  as  the 
metals  soften  at  the  contact  faces  by  the 
intense  heat,  squeezing  them  together  and 
shutting  off  the  current. 

Welding  of  Rails. — A  method  of  joining 
rails  by  welding  them  together,  thus  doing 
away  with  bolted  joints. 

Weldings  Transformer. — An  alternating 
cuirent  transformer  for  reducing  a  current 
pressure  and  greatly  increasing  its  volume 
for  purposes  of  electric  welding. 

Western  Union  Wire  Joint. — A  simple 
method  of  joining  the  ends  of  two  wires  so 
as  to  be  mechanically  strong  and  preserve 
electric  conductivity.  It  consists  m  over- 
lapping the  ends  of  the  bare  wire  for  a  few 
incnes,  and  then  twisting  each  end  around 
the  other  wire  for  a  few  turns.  The  strength  of 
this  joint  unsoldered  is  from  50  to  66  per  cent  of 
the  strength  of  the  wire:  when  soldered  it  be- 
comes 80  or  00  per  cent  of  the  strength  of  the 
wire  itself.  It  is  also  called  the  American  twiat 
joint. 
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WeBtin^lioasey  Oeorg^e. — Bom  1846. 
An  American  inventor,  engineer  and  manu- 
facturer. His  first  notable  invention  was 
a  railroad  frog  (1865),  but  the  same  year, 
a  collision  of  freight  trains  near  Troy,  N.  Y., 
drew  his  attention  to  the  matter  of  power 
brakes.  The  result  of  his  experiments  was  the 
invention  of  the  air-brake  (1868)  which  at  once 

e roved  its  great  efficiency.  In  1869  the  Westing- 
ouse  Air  Brake  Co.  was  formed,  and  many  de- 
velopments and  improvements  on  the  original 
invention  followed.  In  1883  Mr.  Westinghouse 
patented  a  system  of  railway  sipn^aling  which  is 
now  manufactured  by  the  Union  Switch  and 
Signal  Co.  of  PittsbunCj  Pa.  The  Westinghouse 
Efectric  Co.  was  oigamsed  in  1886  which  grew 
into  the  Westinghouse  Electric  and  Manufactur- 
ing Co.  in  1891,  and  has  made  rapid  advances  in 
the  manufacture  of  electrical  apparatus  and  ma- 
chinery, largely  invented  and  developed  in  its 
own  shops. 

Weston  Cell* — A  standard  cell  which  is 
superseding  the  Clark  cell  on  account  of  its 
constancy,  longer  life  and  freedom  from 
temperature  coefficient.  The  electrodes  of 
the  Weston  ceU  are  cadmium  amalgam  cov- 
ered with  a  layer  of  cadmium  sulphate 
crystals,  and  ptare  merctary  in  contact  with  a  paste 
(»  mercurous  sulphate,  cadmium  sulphate  crys- 
tals and  metallic  mercury.  The  electrolyte  is  a 
concentrated  solution  of  cadmium  sulphate  and 
mercurous  sulphate.  The  E.  M.  F.  of  this  cell  is 
1.0186  volts  at  a  temperature  between  6°  and 
26*  C. 

Weston*  Edward. — ^Bom  1850.  An  Amer- 
ican electrician,  inventor  and  manufac- 
turer. In  1875.  he  established  at  Newark, 
N.  J.,  the  first  factory  devoted  exclusively 
to  the  manufacture  of  dynamos.  He  de- 
signed and  patented  many  improvements 
in  arc  and  incandescent  lighting.  He  also  in- 
vented a  series  of  electric  measuring  instruments 
which  have  received  international  recognition,  and 
an  efficient  standard  cell  which  has  proved  supe- 
rior to  the  Claric  cell  and  is  rapidly  superseding 
it.  He  was  one  of  the  founders  of  the  American 
Institute  of  Electrical  Engineers  (1884),  and  be- 
came its  president  in  1888. 

w«  h« — ^Abbreviation  for  toaU-hour. 

w.  h*  e* — ^Abbreviation  for  watt-hour  effici- 
ency. 

Wheatstone*B  Balance  orBridg^. — ^An 

important  instrument  for  determining  un- 
known resistances;  it  consists  essentially 
of  a  system  of  four  conductors,  suitably 
joined,  forming  the  arms  of  the  bridge,  two 
of  the  junctions  being  connected  to  the  ter- 
minals of  a  battery,  and  the  other  two  joined  by 
the  bridge  wire  which  contains  a  galvanometer; 
common  forms  of  Wheatstone's  bridge  are  the 
meter  bridge,  and  the  post-office  bridge. 

Wheatstone»  Sir  Charles.— Born  1802, 
died  1875.    An  English  phjrsicist  and  in- 


ventor, noted  for  his  discoveries  in  electro- 
magnetism;  he  took  out  the  first  patent 
for  a  magnetic  telegraph  (1837),  and  the 
so-called  VVheatstone  bridge,  though  not 
his  invention  but  that  of  H.  Christy,  was 
brought  into  general  use  (1843)  by  his 
efforts. 

Wheel  Brush. — ^A  rotary  brush  for  clean- 
ing surfaces  preparatory  to  electroplating. 

Wheel  Pit. — In  hydraulics,  the  excavation 
formed  for  the  reception  of  a  turbine  or 
other  water  wheel. 

Whip. — ^A  name  sometimes  given  tea  vibra- 
ting contact. 

Whirl*  Electric— 1.  The  circular  lines  of 
force  which  are  conceived  to  surround  a 
conductor  carrying  an  electric  current. 

2.  A  name  sometimes  given  to  the  so- 
called  electric  vnnd  mill  or  flyer.  A  device 
consisting  of  a  vane  of  pointed  wires  bent 
at  the  tipe  which  rotates  upon  a  pivot  on  the  con- 
ductor of  an  electrostatic  machine,  illustrating  the 
escape  of  electricity  from  points  and  the  electric 
wind  set  up  by  the  dischaxge. 

Whistling  Effect. — ^A  musical  sound  some- 
times heard  in  a  telephone  receiver  when 
a  carbon  transmitter  held  close  by  it  is 
suddenly  jarred. 

White  Brass. — ^An  alloy  of  copper  and 
zinc,  with  sufficient  of  the  latter,  or  of 
nickel,  lead,  etc.,  to  give  it  a  white  color. 

White  Heat. — ^An  intense  degree  of  heat 
which  causes  a  substance  to  become  incan- 
descent and  emit  a  white  light.  In  forge 
work  the  whit«  heat  of  iron  is  from  1300° 
to  1500«  C. 

White  Metal. — ^A  name  given  to  an  alloy 
of  varving  composition,  into  which  tin 
enters  largely,  used  for  the  bearing  surface 
of  journal  brasses.  Its  elastic  nature  easily 
accommodates  minute  inequalities  in  the 
journal,  and  therefore  insures  more  even 
distribution  of  the  frictional  load. 

White  Pine. — ^The  wood  of  a  tree  which  is 
one  of  the  most  valuable  of  the  twenty- 
eight  species  of  pines  growing  in  the  United 
States.  It  is  used  for  pattern  work,  build- 
ing construction,  furniture,  and  fancy  work. 

White  Vitriol. — ^A  term  sometimes  applied 
to  zinc  sulphate.  In  electroplating  it  is 
used  in  the  preparation  of  brass  and  zinc 
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baths  and  for  matt  pickling.  It  is  also 
known  as  white  copperas, 

Whur. — ^A  humming  or  whirring  sound, 
like  that  of  a  body  moving  rapidly  through 
the  air;  a  whir, 

Wig^-way  Siflrnalinp^. — A  system  of  visual 
signaling  employed  m  the  arm^  and  navy, 
in  which  messages  are  transmitted  by  the 
waving  of  small  flags  according  to  code. 

Wimshnrst    Inflnenee   Machine. — An 

electrostatic  induction  machine  consisting 
of  two  circular  plates  of  varnished  glass 
carrying  numerous  sectors  of  tin  foil,  and 
arranged  so  as  to  rotate  at  equal  speed  in 
opposite  directions,  the  sectors  acting  both 
as  carriers  and  inductors. 

WincL — ^The  current  of  air  passing  from  a 
part  of  the  atmosphere  which  is  dense  to 
another  part  which  is  relatively  less  dense, 
the  velocity  of  its  passage  being  measurea 
by  the  difference  in  the  two  densities. 

Windage. — ^A  name  sometimes  given  to 
the  air  gap  between  the  surface  of  a  dy- 

of  tb 
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Wind  and  Water  Line.— The  region  of  a 
telegraph  pole  just  at  the  surface  of  the 
groimd,  where  it  is  exposed  to  the  action  of 
both  air  and  water,  and  hence  is  most  sus- 
ceptible to  decay. 

Wind,  Eleetrie. — ^At  the  tip  of  a  charged 
pointed  conductor  the  density  becomes  so 
great  that  the  air  surrounding  the  point 
becomes  electrified  by  contact  and  is  at 
once  repelled.  Unelectrified  air  takes  its 
place  and  is  repelled  in  turn.  This  goes 
on  until  bo  much  electricity  is  carried  away  from 
the  conductor  that  not  enough  remains  to  elec- 
trify the  air.  During  the  cUischaise  an  electric 
trini  or  eonveelion  etream  blows  from  the  point. 
It  is  caused  by  the  stream  of  urns  coDjnunicating 
its  momentum  to  the  air. 

Winding  Diag^ram* — ^A  method  of  repre- 
sentingby  means  of  a  diagram  the  relations 
of  windings  as  they  actually  appear  upon 
the  armature.  Different  colors  are  often 
used  for  indicating  the  different  circuits 
or  phases  in  the  winding. 

Winding  Pitch. — In  armature  winding, 
the  number  of  slots  spanned  by  the  sides 
of  a  coil  is  called  the  winding  pitch.  It  is 
usually  the  number  nearest  to,  or  next 
smaUer  than,  the  quotient  of  the  number 


of  slots  in  the  armature  divided  by  the 
number  of  poles  in  the  field  frame. 

Winding^. — ^The  exciting  coils  wound  upon 
a  dynamo  armature  or  on  an  electromagnet 
core. 

Winding  Space. — ^The  space  on  an  arma- 
ture, or  on  the  core  of  an  electromagnet, 
spool  or  bobbin,  provided  for  the  winding 
of  the  coils. 

Windmill,  Electric. — An  experimental 
device  for  illustrating  the  escai>e  of  elec- 
tricity from  points.  It  consists  of  a  vane 
of  five  or  si^  pointed  wires  bent  at  the  tips 
in  the  same  direction,  radiating  from  a 
center  which  rests  upon  a  pivot.  When 
mounted  upon  the  conductor  of.  an  electrostatic 
machine,  the  vane  rotates  in  a  direction  opposite 
that  of  the  points.  The  movement  of  the  vane  is 
due  to  the  repulsion  of  the  electri6ed  air  particles 
near  the  points  and  the  electricity  on  the  points 
themselves.  The  motion  of  the  air  kb  called  elee- 
trie wind.  This  device  is  also  called  electric  flyett 
and  electric  whirl. 

Windmill  Meter.— A  varietur  of  thermo- 
electric current  meter  in  wmch  the  heat 
imparted  by  the  current  to  the  conductor 
causes  a  light  vane  or  windmill  to  revolve, 
and  thereby  to  operate  delicate  recording 
clockwork. 

Window  Contact. — ^An  electric  contact 
which  rings  an  alarm  upon  the  opening  of 
a  window,  or  upon  any  tampering  with  a 
window  in  an  effort  to  effect  an  entrance 
by  it. 

Window  Tube  Insulator. — ^A  tube  com- 
posed of  insulating  material  for  introducing 
an  electric  conductor  into  a  building 
through  a  window. 

Wiped  Joint. — A  plumber's  joint  employed 
in  uniting  sections  of  lead  cable  sheathing, 
consisting  of  solder  applied  by  a  moleskin 
or  cloth  pad  over  the  surface  of  the  junc- 
tion. 

Wipe  Spark. — ^An  electric  spark  produced 
by  the  brief  contact  of  one  conductor 
brushing  past  another. 

Wiping  Contact. — An  electric  contact 
made  by  the  brushing  of  one  conductor 
past  another. 

Wire. — 1.  A  metallic  conductor  in  an  elec- 
tric system.  Iron  and  steel  wires  are  often 
used  for  telegraph  or  telephone  lines,  but 
copper  is  always  employed  for  long  distance 
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work.  Electric  light  and  power  wires  are 
usually  of  copper.  They  vary  in  size  from 
No.  8  to  No.  0000  B.  &  S.  gauge,  or  from  i  in.  to 
nearly  ^  in.  in  diameter.  Insulated  copper  wire  is 
used  tor  armature  and  field  magnet  coils.  German 
silver  wire  is  suitable  for  resistance  boxes  or  elec- 
trical instruments  where  a  high  resistance  is  re- 
quired. 

2.  To  install  a  system  of  electrical  conductors 
in  ti  building  or  other  circuit. 

3.  To  send  a  message  by  telegraph. 

Wire  Annealinff. — Softening  a  wire  by 
heat  after  it  has  been  hardened  by  drawing 
or  by  exposure  to  cold  after  heating. 

Wire  Brush. — A  collecting  brush  for  the 
commutator  of  a  dynamo  or  motor  made 
up  of  copper  wire  gauze  folded  several 
times  into  a  solid  flat  strip,  with  the  wires 
rimning  in  an  oblique  direction  so  as  to 
prevent  fraying  out. 

Wire  Chief. — In  a  telephone  exchange,  an 
official  who  investigates  troubles  that  occur 
on  the  Une.  The  troubles  which  the  wire 
chief  undertakes  to  remedy,  are  of  four 
kinds,  viz.:  (a)  the  breaking  of  one  or  both 
sides  of  a  circuit,  or  open  circuit,  (b)  the 
electrical  contact  of  both  sides  of  a  circuit,  or 
thort  circttitSf  (c)  the  electrical  contact  of  one  or 
both  sides  of  a  circuit  with  the  earth,  or  ffrounds, 
and  (d)  the  mutual  contact  of  two  circuits,  or 
crossea. 

Wire  Core. — A  core,  as  of  an  electro- 
magnet, composed  of  a  bundle  of  soft  iron 
wires,  instead  of  being  a  solid  iron  mass. 

Wired. — Furnished  with  a  complete  system 
of  electric  conductors,  as  a  building  inred 
for  electric  lighting. 

Wire  Drum. — ^In  overhead  wire  construc- 
tion, a  drum  or  sheave  upon  which  the 
wire  is  wound  ready  for  paying-out. 

Wire  Dynajnometer. — A  line  dynamom- 
eter, an  instrument  employed  in  overhead 
line  construction,  in  conjunction  with  a 
"come-along,"  to  obtain  a  proper  degree 
of  tension  in  a  wire. 

Wire  Finder. — A  d>Tiamometer  for  the 
purpose  of  identifying  any  one  of  the  sepa- 
rate wires  contained  in  a  cable. 

Wire  Oang^e. — 1.  A  gauge  for  measuring 
the  diameter  of  round  wire  according  to  an 
arbitrary  standard.  The  American  or 
Brown  A  Sharpe  (B.  &  S.)  gauge  is  used 
almost  exclusively  in  America  in  electrical 
work.  Other  well-known  gauges  are  the 
RoebliriQ  gauge  used  extensively  for  iron  and  steel 
wire,  and  the  Birmingham  gauge  used  laigely  in 


Great  Britain  and  also  in  America  for  wires  other 
than  those  designed  for  electrical  conductors. 
The  diameters  ol^wires  on  the  B.  At  S.  gauge  are 
obtained  from  the  geometric  series  in  whicn  No. 
0000  equals  0.46  inch  and  No.  36  equals  .005  inch. 
2.  A  device  for  determining  tae  gauge  of  a 
wire.  It  is  often  in  the  form  at  a  disc  or  broad 
flat  ring  of  sheet  steel  with  notches  in  the  circum- 
ference corresponding  to  the  numbere  and  sisea 
fixed  by  that  gauge.  A  more  accurate  gauge  is  in 
the  form  of  a  vernier  caliper  measuring  the  wire 
in  mUa  or  thousandths  of  an  inch. 

Wire  Oaiiae. — ^Wire  woven  into  gauxe, 
having  a  fine  mesh.    It  is  sometimes  em- 

Eloyed  in  making  steam  joints,  the  gauze 
eing  cut  to  the  size  and  shape  of  the 
flanges,  and  smeared  with  red  or  white 
lead  previous  to  the  bolting  together  of 
the  flanges. 

Wire  Oaaae  Brash. — A  t3rpe  of  brush  for 
collecting  the  current  from  the  armature 
of  a  direct  current  generator.  It  consists 
of  a  bundle  made  up  of  thin  sheets  or  strips 
of  copper  wire  gauze.  Gauze  brushes  have 
largely  given  place  to  carbon  brushes,  as 
metal  contact  with  the  conunutator  tended 
to  injure  the  commutator  surface. 

Wire  Gb*ating^  PoUtriaer. — ^A  device  for 
polarizing  electromagnetic  waves,  consist- 
mg  of  a  grating  of  parallel  wires. 

Wire  Chiard. — A  network  of  wire  sur- 
rounding the  bulb  of  an  incandescent  lamp, 
or  globe  of  an  arc  lamp,  as  a  protection 
from  injury. 

Wire  Joint. — ^Any  means  of  uniting  the 
ends  of  two  wires^  as  the  American  twist 
joint,  the  Britannia  joint,  etc. 

Wireless  Station.  —  In  wireless  teleg- 
raphy, especially  for  over  sea  transmission, 
the  plant,  usually  situated  upon  a  head- 
land, equipped  with  electric  apparatus  and 
lofty  masts  carr3dng  aerial  wires,  for  the 
sending  and  receiving  of  electric  oscillations 
to  and  from  other  wireless  stations. 

Wireless  Teleg^raph y. — ^Radio-teleg- 
raphy; a  system  of  telegraphy  in  whicn 
messages  are  transmitted  oy  means  of 
electromagnetic  waves  set  up  by  an  in- 
strument for  generating  oscillations  at  the 
sending  station,  passing  through  free  space, 
and  received  by  a  delicate  detecting  instrument 
.  at  the  receiving  station.  The  surging  of  electric 
charges  at  the  spark  gap  of  the  transmitting  in- 
strument causes  the  current  to  ascend  the  send- 
ing mast  and  flow  out  into  the  ether  in  the  form 
of  waves  or  vortex  rings  expanding  in  every  direc- 
tion: the  aerial  conductor  at  the  receiving  station 
obstructs  a  p>orti<»i  of  these  waves  which  are  led 
into  the  receiving  instrument,  by  which  aignalB 
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are  Bounded.  A  transmitter  key  oontrob  the 
duration  of  the  sparks  at  the  spark  gap,  henoe 
the  waves  are  sent  out  in  groups  corresponding 
to  the  dots  and  dashes  of  the  Morse  code. 

Wireless  Telephony* — Radio-4elephony, 
the  transmission  to  a  distance  of  articulate 
speech  through  space  without  wires  by 
means  of  electromagnetic  waves.  The  suc- 
cess of  this  system  depends  upon  an  oscil- 
lation detector  of  such  a  character  that  it 
is  capable  of  vaiying  thd  current  through  a  tele- 
phone receiver  to  exactly  correspond  with  the 
variations  of  air  pressure  produced  by  the  voice 
ujpon  a  telephone  transmitter  at  the  sending  sta- 
tion. 

Wire  Pliers* — Pliers  in  which  a  pair  of 
smooth  jaws,  circular  in  section  and  tapered 
lengthways,  are  substituted  for  the  ordi- 
nary flat  and  roughened  jaws,  their  pur- 
pose being  the  bending  of  wire  into  small 
curves  and  loops. 

Wire  Rail  Bond* — In  an  electric  traction 
system,  short  pieces  of  copper  wire  riveted 
into  the  adjoining  ends  of  two  rails  for  the 
purpose  of  effecting  good  electrical  con- 
ductivity through  the  track. 

Wire  Rope.— A  rope  made  by  twisting 
together  small  wires. 

Wire  Rope  Socket. — ^A  socket  by  means 
of  which  a  wire  rope  is  attached  to  another 
part.  One  plan  consists  in  stranding  or 
opening  out  the  rope  within  the  coned 
socket  and  driving  in  a  conical  wedge  from 
the  opposite  end;  by  this  means  the  strain 
on  the  rope  tends  to  tighten  the  wedge.  A  better 
plan  is  to  curve  back  the  various  strands  within 
the  socket,  so  as  to  resemble  a  mushroom  or  um- 
brella. The  space  is  then  filled  with  melted  lead 
or  babbitt  metal,  which  secures  all.  The  socket 
is  provided  with  eyes,  male  or  female  threadSf 
according  to  the  proposed  connection. 

Wire  Shade  Onard. — A  wire  netting  for 
the  protection  of  an  electric  lamp  shade. 

Wire  Terminals. — ^Metal  eye  sockets  for 
brazing  on  or  soldering  ends  of  wires  to 
switchboards. 

Wire  Wonnd  Armatnre* — A  dynamo  or 
motor  armature  wound  with  coils  of  wire, 
as  distinguished  from  a  bar  armature. 

Wire  Wrench. — A  spanner  or  key  whose 
shank  is  made  of  twisted  tin're,  for  the  sake 
of  lightness,  as  in  a  bicyclist's  equipment. 

Wiring^. — 1.  The  fitting  or  application  of 
wire  to  any  purpose. 


2.  In  electrical  work,  the  putting  in  place 
of  the  various  conductors  within  a  building. 

3.  In  electroplating,  the  suspension  of 
articles  in  the  plating  baths,  by  means  of 
hooks,  slings,  or  baskets  of  wire. 

Wiring^  for  Jump  Spark  Inition. — 

The  speed  of  a  dvnamo  should  be  the  same 
as  that  indicated  on  its  name  plate,  and  it 
should  be  connected  to  run  clockwise  or 
right  handed,  when  viewed  in  the  direc- 
tion of  the  commutator.    The  wires  from 

the  dynamo  and  battery  should  be  connected  to 
the  engine  through  the  switch  and  primary  coil, 
and  the  wires  from  the  secondary  coil  should  be 
connected  to  the  spark  plug  and  the  engine.  The 
engine  is  started  by  means  of  the  battery,  and  its 
operation  oontinued  with  the  current  from  the 
dynamo. 

The  brushes  of  the  dynamo  should  press  firmly 
on  the  commutator  bui  not  so  as  to  bind,  and  if 
at  any  time  the  dynamo  ceases  to  generate  cur- 
rent, the  commutator  should  be  cleaned  with  a 
piece  of  sand  paper.  When  the  dynamo  is  driven 
by  means  of  a  friction  pulley,  the  latter  should 
be  arranged  to  just  touch  lightly  against  the  fly 
wheel,  as  too  much  pressure  tends  to  destroy  the 
leather.  Usually,  the  dynamo  is  furnished  with 
a  tension  spring  which  serves  to  press  the  friction 
pulley  agamst  the  fly  wheel,  thus  obviating  the 
necessity  for  using  injurious  tightening  screws. 

Wiring^  for  Make-and-break  Ignition. 

— ^For  make-and-break  ignition,  the  gen- 
eral plan  of  wiring  or  connection  is  the 
same  for  both  dynamos  and  magnetos, 
but  it  requires  some  modification  in  the 
case  of  the  jump  spark.  The  generator 
may  be  placed  on  a  low  stand  on  the  floor  and 
connected  by  belt  with  the  fly  wheel,  or,  if  it  is 
to  be  driven  oy  a  friction  pulley,  it  may  be  placed 
on  some  part  of  the  engine  irame  so  that  the 
pulley  will  just  touch  the  fly  wheel  when  the  gen- 
erator is  in  the  middle  posiiion.  If  the  generator 
be  a  dynamo,  it  is  usually  connected  to  run  right- 
handed  or  clockwise,  but  if  it  is  desired  to  run  it 
in  the  opposite  direction,  this  may  be  accom- 
plished by  crossing  the  leads  going  to  the  two 
brush  holders  from  the  field  coils.  In  the  case 
of  a  magneto,  it  makes^  no  difference  in  which 
direction  the  armature  is  revolved.  The  wires 
leading  from  the  generator  and  from  the  battery 
shoulcfbe  connected  with  the  engine  through  the 
spark  coil  and  the  switch. 

Engines  of  three  horse  power  or  less  do  not  re- 
quire batteries  for  starting,  as  a  few  rapid  turns 
of  the  fly  wheel  by  hand  will  produce  a  spark  of 
sufficient  intensity  to  ignite  the  charge.  iEngines 
of  more  than  three  horse  power  usually  require 
starting  batteries  composed  of  six  or  eight  dry 
battery  cells. 

WolDram. — ^A  name  sometimes  given  to 
tungsten,  a  somewhat  rare  metal  employed 
for  the  filament  in  the  lungsten  incandes- 
cent lamp. 

Work. — When  a  force  acts  upon  a  body  so 
as  to  overcome  resistance  and  produce 
motion,  work  is  performed,  and  the  meas- 
ure of  the  work  is  the  product  of  the  force 
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by  the  distance  moved.    Work  is  done 


when  a  body  is  lifted  against  the  force  of 
gravity,  when  a  body  is  caused  to  overcome  the 
lesistuioe  of  friction*  etc.  The  common  units  ci 
work  are  the  foot  pottnd  and  the  erg.  A  foot 
pound  is  the  work  done  when  a  force  of  one 
pound  acts  through  a  di^tanoe  of  one  foot;  an  erg 
IS  the  work  done  by  a  force  of  one  dyne  acting 
through  a  distance  en  one  centimeter. 

Working  Coastent. — The  galvanometer 
const&nt;  a  eaUbrating  or  standardizing 
quantity  applied  to  a  galvanometer  for 
establishing  a  fixed  relation  to  the  currents 
causing  the  deflections.  It  mav  be  gener- 
ally defined  as  the  number  of  the  divisions 
of  the  deflection  caused  by  the  current  of  a 
certain  batterv  passing  through  the  gal- 
vanometer ancf  a  resistance  of  one  megohm. 

Working  Current. — In  an  alternating 
current,  a  component  in  phase  with  the 
electromotive  force,  thus  contributing  to 
the  power  of  the  current,  as  distinguished 
from  the  wattlesa  or  idle  ciurent.  The 
working  component  is  also  variously  known 
as  the  acUve,  energy,  potver  or  xtyitt  com- 
ponent. 

Workinflf  E  f  f  i  c  i  e  n  c  7  of  Telegraph 
Line. — ^The  variation  of  the  strength  of 
the  current  at  any  station  when  the  key  at 
another  station  is  alternately  opened  and 
closed.  It  depends  upon  the  ratio  between 
the  resistance  of  the  Ime  and  the  insulation 
redstance. 

Workin(|^  Material  of  Storage  Cell. — 

The  active  material  upon  the  electrodes  of 
a  storage  cell.  It  usually  consists  of  lead 
veroxide  on  the  positive  plate,  and  spongy 
lead  on  the  negative  plate.  When  fully 
charged,  the  positive  plate  has  a  reddish- 
brown  or  chocolate  color  and  is  hard,  while  the 
pure  lead  of  the  negative  plate  is  grayish  or  slate 
ook>red  and  can  easily  be  marked  by  the  finger 
nidi. 

Working  Position. — ^The  position  of  a 
switch  when  the  circuit  is  closed. 

Working  Pressure. — ^The  safe  working 

pressure  to  which  a  boiler  is  subjected; 

this  is  usually  estimated  to  be  one-sixth  of 

the  bursting  pressure. 

This  is  the  maxtmum  pressure  safe  to  carry  on 
a  boiler  consistent  with  the  factor  of  safety  cm- 


red  in  the  design;  it  should  not  be  confused 
with  the  rtmning  preMure,  that  is,  with  the  pres- 
sure ordinarily  carried  in  running  the  engine.  The 
safety  valve  is  usually  set  to  blow  oCF  at  the  work- 
ing pre98ure,  hence,  the  running  presnwe  of  neces- 
sity must  be  lower. 

Working  Speed. — ^The  speed  at  which 
signals  can  be  sent  over  a  telegraph  line  or 
cable. 

Worm  Gear. — Spiral  gearing  in  which  a 
worm  or  screw  is  used  to  rotate  a  wheel 
with  suitably  shaped  teeth;  a  worm  wheel; 
a  form  of  gear  sometimes  used  with  elec- 
tric motors  where  a  considerable  amount 
of  speed  reduction  is  required. 

Worsteds. — In  mechanics,  filaments  of 
worsted  or  wool  conducting  oil  b^  capil- 
lary attraction,  from  a  reservoir  mto  the 
lubrication  ducts  of  a  bearing;  used  chiefly 
on  marine  engines. 

Wrapped  Wire. — A  conductor  wrapped 
in  an  insulating  covering. 

Wrench. — A  spanner  or  key  for  twisting  or 
turning  bolts,  nuts,  pipe  or  the  like;  or 
adjustablef  to  fit  a  bolt  head,  or  other  object 
to  be  turned. 

Writing  Tele^p:*apli3r. — ^A  system  of  au- 
tograph facsimile  telegraphy  which  records 
at  the  receiving  station  a  facsimile  of  the 
handwriting  of  the  sender.  The  principle 
of  operation  is  that  of  compounding  the 
movements  of  a  point  in  two  directions, 
the  one  at  an  angle  to  the  other,  the  actual 
movement  of  the  point  being  the  resultant 
of  the  two  movements. 

Wronyht  Iron  Pipe. — In  steam  fitting,  a 
common  welded  pipe.  As  listed,  the  sizes 
given  are  nominal  inside  diameters,  the 
actual  diameters  being  larger;  thus,  a  i 
inch  pipe  has  an  inside  diameter  of  .4  inch. 
Pipes  from  ^  inch  to  1  inch  inclusive,  are 
usually  butt  welded ;  those  of  standard  thickne» 
are  tested  to  300  lbs.  per  sq.  in.,  while  the  larger 
sisea  are  lap  welded  and  tested  to  500  lbs.  per  sq. 
in.  Wrought  iron  pipes  are  made  in  several 
weights  for  diflferent  pressures.  Wrought  iron 
pipe  can  easily  be  bent  at  a  red  heat,  its  connec- 
tions readily  made  with  T*s,  elbows,  crosses  and 
screwed  unions  and  sockets;  faulty  pipes  are  sel- 
dom found. 


X,  X. — 1.  Symbol  for  reaclance. 

2.  In  mat  hematics,  x  is 

aaed  to  represent  an  unknown 

quantity,  a  variftble  or  ordi- 

X^».T  Field.— The  field  or 
repoQ  within  which  X-rays 


tube  tor  generating 


riven  to  the 


X-r»y  Photocrnpli. — A  photograph  in 
shadows  of  the  interior  of  bodies  opaque 
to  ordinary  light,  taken  by  meana  of  the 
penetration  of  X-rays;  a  Todtograph. 

Xti^  PhotocPftphy. — The  use  of  a 
phob^raphic  plate  in  obtaining  a  picture 
of  the  shadows  cast  by  substances  in  the 
path  of  X-raya,  which  are  opaque  to  the 

rays. 

X-rmys. — RoeTilgen  rays;  a  peculiar  radia- 
tion poasessing  remarkable  properties  dis- 
covered by  Roentgen  in  1895,  while  experi- 
menting with  a  Ughly  exhausted  Crookes 
tube.  These  rays  are  projected  from  a  tar- 
net  within  the  tube  against  which  the  rays 
from  the  cathode  ate  directed,  and  are  roimit  to 
•—      '  *■      -aknown. 
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|h    manv.  aubstsaces 


f  niHec 


I  hiussJi  skin  it  too  long  eipoaad 


—In  radiog- 
raphy, a  screen  coated  wi 
fluorescent  material  for  i 
hibiting  he  shadows  of  sub- 
stances that  are  opaque  to 
X-raya.  It  consists  of  a  sheet 
of  cardboard,  or  similar  ma- 
terial, which  has  been  coaled 
ertaia  ehemical  e&tta  which  havA  the  power 
orbing  ligli'.  and  of  Bhining  a" '-  '- 

~'  myapanlncdom  B  tube  through 
-'-y  OD  the  ecreca  ima(«  of  aub- 

paient  to  Uie  nyt. 

X^rmy  TrAnsfar^er. — A  step  up  trans' 
former  designed  to  furnish  a  current  cf  high 
potential  to  the  electrodes  of  an  X-ray 
tube. 

X^-Kjjr  Tnbe. — A  Crookes  vacuum  tube 
designed  to  produce  Roentgen  or  X-rays. 
It  consists  essentially  of  an  exhausted  glass 
bulb  provided  with  terminals  at  either  end, 
and  a  platinum  reflector  so  adjusted  that 
the  cathode  rays  set  up  at  the  negative 
terminal  impinge  upon  it  and  generate  the 

Xjrlantrax. — Wood  coal,  charcoal,  or  any 
other  coal  produced  by  buniing,  so  called 
in  distinction  to  miner<d  coal. 


Xsrlonlte. — The  Hami  .  .     ._ 

ture  of  camphor  with  pyroxylin.  The 
camphor  is  bested  and  the  pyroxylin  added, 
the  whole  worked  into  a  mass  under  rollera, 
the  color  being  added  before  working. 
After  this  the  mass  is  warm  pressed  into 
the  desired  forma.  It  is  used  for  fittings, 
ornaments,  and  other  substitutes  of  ivory 
and  bone.  The  material  is  highly  i'  " 
mable,  but  not  explosive. 


T,  -y. — 1.  Symbol  for  admtfr- 

2.  A  pipe  fitting,  where 
two  branches  unite  together 
to  form  one,  resembling  the 
letter  Y  in  appearance.  The 
enclosed  angle  is  usually  45°. 

Tals  Iioek  Al»rm  Switch. — A  device 
which  will  sound  an  electric  alarm  if  a  door 
be  unfastcDed  by  any  other  means  than  by 
the  profier  key. 

TftTD. — Cotton  yam  is  braided  or  twisted 
over  the  surface  of  electrical  conductors 
usually  to  serve  aa  a  support  for  vaniish  or 
other  iosulation.  When  dry,  yam  baa 
excellent  insulating  properties. 

T'-eonneeted  Arm&tnra. — A  three  phase 
armature  having  one  end  of  each  of  the 
coiis  connected  to  a  commoa  junction  ' 
so-called  y  or    ■ 


T-conn«ctlon. — The  principle  of  the  star 
connection  applied  to  a  three  phase  cir- 
cuit, forming  a  branching  connection  sug- 
gesting the  letter  Y. 


T-cnrrent. — The  current  passing  through 
one  of  the  branches  of  a  Y-connected  three 
phase  system. 

TeUtnr  Br»aa. — An  inferior  kind  of  brass 
formed  of  an  alloy  of  copper,  seventy  parts, 
and  zinc,  thirty  parts.  It  is  used  for  the 
commoner  class  of  turned  and  other  work, 
also  for  name  plates  and  similar  castings 
where  durability  and  strength  are  not  es- 
sential. 

T-K117- — In  pole  line  construction,  a  form 
of  stay  provided  for  points  along  the  line 


where  bends  occur,  or  where 
other  severe  strains  are  ex- 
erted on  the  poles;  it  coosists 
of  two  guy  wires  attached 
one  above  and  the  other 
below  the  center  of  the  streaa, 
and  joining  in  a  Common  stay 


s£o 


:  diatanc 


the  ground. 

Tlald    Point. — In   testing    materials,   the 

point  at  which  the  stresses  and  the  strains 
become  equal,  so  that  deformation  or  per- 
manent set  occurs.  The  point  at  which  the 
stresses  equal  the  elasticity  of  a  test  piece. 

T«ke. — In  certain  forms  of  electromagnet, 
having  two  straight  cores,  a  piece  of  soh 
iron  screwed  to  the  cores  yokmg  them  to- 

Toka  Arbor.-~A  form  of  double  journal 
box  for  pulley  spindles,  in  which  a  curved 
branch  extending  from  one  bearing  to  the 
other  on  each  side  of  the  pulley,  serves  to 
protect  the  belt  from  being  chafed  or 
otherwise  injured. 

Take  Electroin&Biist.— A  form  of  elec- 

net  built     -      '  *  -        ■     ■  '  - 
piece  of 


Toon^'a    lIodiilii«.--The    modulus   of 

elasticity.  It  is  the  intensity  of  stress  re- 
quired to  strain  a  bar  by  an  amount  equal 
to  its  own  length,  assuming  the  material 
to  remain  perfectly  elastic. 


point  of  a  three  phase  circuit. 

T-ahftp«d  Sp»rk.^A  spark  having  three 
branches  sometimes  seen  in  the  discbarge 
of  a  condenser  through  an  induction  coil. 


Z,  1. — Symbol  for  impedance. 

Zmmboal,   Olaaeppe. — Bom 

1776,  died  1S46.  An  Italian 
physicist ;  he  developed  the 
dry  pile  (1812),  originHlly  in- 
vented (1806)  by  J.  W.  Ritter, 
and  brought  it  into  such  gen- 
eral  use  that  it  has  ever  since  been  known 

Z»nib«nl'a  Dr^  Pile. — A  voltaic  pile  com- 
posed of  paper  discs  silvered  or  tinned  on 
one  Bide,  ana  on  the  other  side  coated  with 
powdered  binoxide  of  man^neae,  placed 
on  top  of  one  another  in  a  glasa  tt^e. 


Zeemam  Eff'eet.^The  modification  of  the 
spectrum  lines  of  an  iucandeaceDt  vapor 
when  influenced  by  a  powerful  nmjmetio 
field.  So  named  from  Zeeman,  the  Dutch 
seiBntiat  who  discovered  it. 

Zeenuui.  Pleter. — Born  1866.    A  Dutch 

physicist,  discoverer  of  the  phenomenon 
catted  the  Zeeman  effect  (1897)  produced 
by  the  influence  of  a  mat^ctic  field  upon 
the  spectra  of  gases;  a  discovery  leading 
to  new  theories  as  to  the  nature  of  the  par- 
tides  which  constitute  matter,  and  of  the 
ultimate  cause  of  the  ether  vibrations  which 
produce  light. 


—That  point  in  the  visible  celestial 
hemisphere  which  is  directly  above  the 
spectator;  the  point  of  the  heavens  just 
overhead ;   opposed  to  nadir. 

Zaro. — Cipher;  nothing;  naught;  the  point 
from  which  the  graduation  of  a  scale,  as 
of  a  thermometer,  commences. 

Zero,  in  the  thermometers  of  Celsius  and 
Reaumur,  is  at  the  point  at  which  water 
congeals.  The  zero  of  Fahrenheit's  ther- 
mometer is  fixed  at  the  point  at  which  the 
mercury  stands  when  immersed  in  a  mix- 
ture of  snow  and  common  salt. 

Zaro  Mmgnvt. — \  mapiet  employed  in 
the  adjustment  of  the  zero  indication  of  a 
galvanometer  scale. 

Zero  Hethod. — ^An  accurate  method  of 
obtaining  electrical  measurements,  as  with 
a  diSerential  galvanometer  or  Wheatstone's 


Zero  PotentUl.  —  The  po- 
tential of  the  earth's  surface 
taken  as  an  arbitran'  ze 
80  that  bodies  positively  electrified  i.  _ 
said  to  be  of  a  higher  potential,  and  those 
negatively  electrified  oT  a  lower  potential, 
than  the  earth. 

Z]jra»f  Alternsitlng  Electromotive 
Forea. — An  alternating  electromotive 
force  which  traces  a  characteristic  zigzag 

ZlgiAg  Electromotive  Foroe.^ — An  elec- 
tromotive force  tracing  a  characteristic 
curve  resembling  a  zigzag  line. 

Zlf  >»ff  Uffhtniny. — A  form  of  lightning 
flash  whicn  follows  a  zigzag  path.  It  is 
also  called  forked  lightning  when  it  splits 
up  into  branches. 

Zigamg  Rivetinf . — A  shop  term,  in  ete 
boiler  construction,  used  where  the  rii 
are  put  in  a  zigzag  manner,  thus  forming 
double  rows;  chain  riveUTig;  also  triple 
riveting. 

Zinc.  —  Chemical  symbol,  Zn.  A  white 
meta!  with  a  faint  bluish  tinge.  Atomic 
weight  65,4;  melts  at  419°;  boils  at  920°. 
It  is  ductile  and  malleable.  It  is  used  in 
making  galvanized  iron,  and  in  the  prepara- 
tion of  many  alloys  such  as  brass,  bronze 
and  German  silver.  It  forms  the  negative 
pole  of  nearly  all  primary  cells. 

Zioe  B»th. — la  electroplating  with  lini 
tbe  solution  of  zinc  sulpnate  or  chloride,  c 
an  alkaline  solutioa  of  zinc,  which  is  sub- 
jected to  the  action  of  electrolysis. 

Zinc  CaJ^bon  Cell. — A  primary  cell  having 
electrodes  of  zioc  and  carbon,  as  for 
ample,  the  Leclanch^  cell. 

Zlne  Chlorlda. — A  white  crystalline  or 
fused  mass  which  is  very  soluble  and  deli- 
quescent. It  serves  in  electroplating  for 
preparing  brass  and   zinc  baths,   and   i 
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solution  is  used  for  nickeling  by  immersion, 
soldering,  etc.  It  is  also  called  hydro^ 
Morale  or  muriate  of  zinc  and  btUler  of 
sine. 

Zinc-copper  CelL — A  primary  cell  having 
electrodes  of  zinc  and  copper,  as  for  ex- 
ample, the  Daniell  cell. 

2Sinc  Current. — ^The  negative  current  de- 
rived from  the  zinc  pole  of  a  voltaic  cell. 

Zincing^.  —  A  term  sometimes  used  for 
galvanizing.  The  process  consists  merely 
m  dipping  iron  into  melted  zinc  to  obtain 
a  coating  of  zinc  as  a  protection  against 
rust.  -The  term  is  also  used  for  the  electro- 
deposition  of  zinc. 

Zindte. — A  brittle,  translucent  mineral  of 
a  deep  red  color,  sometimes  inclining  to 
yellowish,  and  consisting  chiefly  of  oxide 
of  zinc,  but  containing  also  a  small  <juantity 
of  oxide  of  manganese,  to  which  its  color 
is  supposed  to  be  due;  also  called  red  zinc 
ore  and  red  oxide  of  zinc. 

Zinc-lead  Cell. — ^A  bi-metallic  storage  cell 
containing  electrodes  of  zinc  and  lead  in  a 
solution  of  zinc  sulphate.  The  E.  M.  F.  of 
this  type  is  high,  being  about  2.35  to  2.5 
volt^. 

Zinc-mercnry  Cell. — ^A  primary  cell  hav- 
ing electrodes  of  zinc  and  mercury,  as  for 
example,  Clark's  standard  cell. 

Zincode. — A  term  formerly  applied  to  the 
zinc  electrode  or  cathode  of  a  primary  or 
electrolytic  cell. 

Zinc  Plates. — Slabs  of  rolled  zinc,  placed 
in  various  positions  in  the  interior  of  a 
steam  boiler,  to  prevent  corrosion,  etc. 

Zinc  Plating. — ^Depositing  a  coating  of 
zinc  by  the  process  of  electroplating. 

Zincs. — Zinc  electrodes  prepared  for  use  in 
voltaic  cells. 

Zinc  Sender. — ^In  telegraphy,  a  device  for 
sending  a  reverse  current  momentarily  into 
the  circuit  after  each  signal  for  the  purpose 
of  overcoming  retardation  in  the  line. 

Zinc  Sulphate. — White  vitriol  or  white 
copperas.    It  forms  small  colorless  prisms 


of  a  harsh  metallic  taste  which  oxidize  on 
exposure  to  the  air.  In  electroplating,  it 
is  used  for  the  preparation  of  brass  and  zinc 
baths,  as  well  as  for  matt  pickling. 

Z-insulator. — A  variety  of  earthenware 
line  wire  insulator. 

Zircon. — ^An  oxide  of  zirconium.  It  is 
found  in  certain  metamorphic  and  erupti\  e 
rocks  and  in  alluvial  deposits. 

Zirconium* — ^A  rare  metal.  Atomic  weight 
90.6.  It  melts  at  about  1500°  C.  and  oxi- 
dizes at  a  very  high  temperature.  It  is 
obtained  from  zircon  by  heating  with  car- 
bon in  an  electric  furnace.  It  has  been 
experimented  with  to  produce  an  efficient 
incandescent  lamp  filament. 

Zirconium-carbon  Lamp. — ^An  incandes- 
cent lamp  developed  in  Europe,  having  a 
filament  made  by  heating  an  ordinary  car- 
bon filament  in  a  vapor  of  some  volatile 
zirconium  compound.  This  lamp  shows 
a  slight  advantage  over  the  carbon  filament 
lamp. 

Zirconium  Lan&p. — A  type  of  incandescent 
lamp  employing  for  its  hlament  hydrides 
or  nitrides  of  the  metal  zirconium  in  com- 
bination with  some  organic  binding  mate- 
rial. This  lamp  takes  about  two  watts  per 
candle  power.  It  is  of  European  origin, 
and  has  not  been  adopted  in  America. 

Zircon-wolfram  Lamp. — A  type  of  incan- 
descent lamp  having  a  filament  made  of  a 
mixture  of  zirconium  and  tungsten  (called 
"wolfram"  in  Germany).  The  lamp  has 
a  specific  consumption  of  about  1.4  watts 
per  candle  power. 

Zc^iac. — ^An  imaginarv  belt  in  the  heavens, 
16°  or  18®  broad,  in  the  middle  of  which  is 
the  edivtic,  or  sun's  path.  It  comprises 
the  twelve  constellations  which  once  con- 
stituted, and  from  which  are  named,  the 
twelve  signs  of  the  zodiac. 

Zoetrope. — An  optical  to]r  in  which  figures 
in  different  stages  of  motion  are  caused  to 
revolve  on  the  inside  of  a  cylinder  open  at 
the  top  and  having  slits  in  the  side,  so  that 
when  seen  through  the  slits  the  figures  have 
the  appearance  of  life. 

Zonal  Harmonic. — ^A  spherical  surface 
harmonic  having  all  its  axes  coincident. 


Zone. 
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Zone. — One  of  the  five  great  divisions  of 
the  earth,  with  respect  to  latitude  and 
temperature.  They  are  the  torrid  zone, 
extending  from  tropic  to  tropic  46®  56',  or 
23**  28',  on  each  side  of  the  equator;  two 
temperate  or  variable  zones,  situated  be- 
tween the  tropios  and  polar  circles;  and  two  frigid 
zones,  situated  between  the  polar  circles  and  the 
poles. 

2.    In  mathematics,  the  portion  of  the  sur- 


face of  a  sphere  included  between  two  parallel 
planes. 

Zone  Lamp. — ^A  lamp  provided  with  a  lens 
arrangement  so  that  all  the  light  rays  are 
projected  in  a  single  zone. 

Zooma£^etisn&« — A  name  sometimes  given 
to  so-called  animal  magnetism,  or  the  power 
of  hypnotism. 
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L    DEFHriTIOlf S  AITD  TECHNICAL  DATA* 

1  Note:  The  following  definitions  and  classifications  axe  intended  to  be  prao- 

tically  descriptive  and  not  scientifically  rigid. 

A.    DEFINITIONS.    CURRENTS. 

2  A  Direct  Current  is  a  unidirectional  current. 

8      A  Continuous  Current  is  a  steady,  or  non-pulsating,  direct  current. 

4  A  Pulsating  Current  is  a  current  equivalent  to  the  superposition  of  an 
alternating  current  upon  a  continuous  current. 

5  An  ALTERNATING  CURRENT  is  a  Current  which,  when  plotted,  consists 
of  half-waves  of  equal  area  in  successively  opposite  directions  from  the 
zero  line. 

6  An  Oscillating  Current  is  a  current  alternating  in  direction,  and  of 
decreasing  amplitude. 

B.    DEFINITIONS.     ROTATING  MACHINES. 

7  A  Generator  transforms  mechanical  power  into  electrical  power. 

8  A  Direct-Current  Generator  produces  a  direct  current  that  may  or 
may  not  be  continuous. 

9  An  Alternator  or  Alternating-Current  Generator  produces  alter- 
nating current,  either  single-phase  or  polyphase. 

10  A  FoLYPHASE  Generator  produces  currents  differing  svmmetrically 
in  phase:  such  as  two-phase  currents,  in  which  the  terminal  voltages  on 
the  two  circuits  differ  m  phase  by  90  degrees;  or  three-]>hase  currents,  in 
which  the  terminal  voltages  pn  the  three  circuits  differ  m  phase  by  120 
degrees. 

11  A  Double-Current  Generator  produces  both  direct  and  alternating 
currents. 

12  A  Motor  transforms  electrical  into  mechanical  power. 

18  A  Booster  is  a  machine  inserted  in  series  in  a  circuit  to  change  its 
voltage.  It  may  be  driven  by  an  electric  motor  (in  which  case  it  is  termed 
a  motor-booster)  or  otherwise. 

14  A  Motor-Generator  is  a  transforming  device  consisting  of  a  motor 
mechanically  connected  to  one  or  more  generators. 

16  A  Dynamotor  is  a  transforming  device  combining  both  motor  and 
generator  action  in  one  magnetic  field,  with  two  armatures;  or  with  an 
armature  having  two  separate  windings  and  independent  commutators. 

16  A  Converter  is  a  machine  cmploymg  mechanical  rotation  in  changing 
electrical  energy  from  one  form  into  another.  A  converter  may  belong 
to  either  of  several  types,  as  follows: 

17  a.  A  Direct-Current  Converter  converts  from  a  direct  current  to 
a  direct  current. 

18  b.  A  Synchronous  Converter  (commonly  called  a  rotary  converter) 
converts  from  an  alternating  to  a  direct  current,  or  vice  versa, 

19  ^.  A  Motor-Converter  is  a  combination  of  an  induction  motor  with 
a  sjmchronous  converter,  the  secondary  of  the  former  feeding  the  anna- 
ture  of  the  latter  with  current  at  some  frequency  other  than  the  impressed 
frequency;  i.e.,  it  is  a  synchronous  converter  concatenated  with  an  in- 
duction motor. 

20  d,  A  Frequency-Converter  converts  from  an  alternating-current  sys- 
tem of  one  frequency  to  an  alternating-current  system  of  another  fre- 
quency, with  or  without  a  change  in  the  number  of  phases  or  in  voltages. 

21  e,  A  Rotary  Phase  Converter  converts  from  an  alternating-current 
system  of  one  or  more  phases  to  an  alternating-current  system  of  a  dif- 
ferent number  of  phases,  but  of  the  same  frequency. 
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C.    DEFINITIONS.    STATIONARY  INDUCTION  APPARATUS. 

S2  Stationary  Induction  Apparatus  change  electric  energy  to  electric 
energy  through  the  medium  of  magnetic  energy.  They  comprise  several 
forms,  distinguished  as  follows: 

23  a.  In  Transformers  the  primary  and  secondary  windings  are  insulated 
from  one  another. 

24  &.  In  Auto-Transformbrs,  also  called  compensators,  a  part  of  the 
primary  winding  is  used  as  a  secondary  winding,  or  conversel]^. 

26  c.  In  Potential  Regulators  a  cou  is  in  shunt  and  a  coil  is  in  series 
with  the  circuit,  so  arranged  that  the  ratio  of  transformation  between 
them  is  variable  at  will.    They  are  of  the  following  three  classes: 

26  (a)  Compensator  Potential  Regulators  in  which  a  number  of  turns 
of  one  of  the  coils  are  adjustable. 

27  (6)  Induction  Potential  Regulators  in  which  the  relative  positions 
of  the  primary  and  secondary  coils  are  adjustable. 

28  {c)  Magneto  Potential  Regulators  in  which  the  direction  of  the 
magnetic  flux  with  respect  to  the  coils  is  adjustable. 

29  a.  Reactors,  or  Reactance  Coils,  formerly  called  choking  coils,  ate 
a  form  of  stationary  induction  apparatus  used  to  produce  reactance  or 
phase  displacement. 

D.    GENERAL  CLASSIFICATION  OF  APPARATUS. 

SO  Commutating  Machines.  Under  this  head  may  be  classed  the  following: 
Direct-current  generators;  direct-current  motors;  direct-cur^nt  boosters; 
motor-generators;  dynamotors;  converters,  compensators  or  balancers; 
closed-coil  arc  machines,  and  alternating-current  commutating  motors. 

81  Commutating  machines  may  be  further  classified  as  follows: 

82  a.  Direct-Current  Commutating  Machines,  which  comprise  a  mag- 
netic field  of  constant  polarity,  a  closed-coil  armature,  and  a  multiseg- 
mental  commutator  connected  therewith. 

83  6.  Alternating-Current  Commutating  Machines,  which  comprise  a 
magnetic  field  of  alternating  polaritv,  a  closed-coil  armature,  and  a 
multisegmental  commutator  connected  therewith. 

84  c.  Synchronous  Commutating  Machines,  which  comprise  synchronous 
converters,  motor  converters  and  double-current  generators. 

35  Synchronous  Machines,  which  comprise  a  constant  magnetic  field, 
and  an  armature  receiving  or  delivering  alternating-currents  in  sjmchron- 
ism  with  the  motion  of  the  machine;  s.e.,  having  a  frequencv  equal  to  the 
product  of  the  number  of  pairs  of  poles  and  the  speed  of  the  machine  in 
revolutions  per  second. 

36  Stationary  Induction  Apparatus,  which  include  transformers,  auto- 
transformers,  potential  regulators,  and  reactors  or  reactance  coils. 

87  .  Rotary  Induction  Apparatus,  or  Induction  Machines,  which  include 
apparatus  wherein  the  primary  and  secondary  windings  rotate  with  re- 
spect to  each  other;  i.e.,  induction  motors,  induction  generators,  frequency 
converters,*  and  rotary  phase  converters. 

88  Unipolar  or  Acyclic  Machines,  in  which  the  voltage  generated  in  the 
active  conductors  maintains  the  same  direction  with  respect  to  those 
conductors. 

39  Rectifying  Apparatus,  Pulsating-Current  Generators. 

40  Electrostatic  Apparatus,  such  as  condensers,  etc. 

41  Electrochemical  Apparatus,  such  as  batteries,  etc. 

42  Electrothermal  Apparatus,  such  as  rheostats,  heaters,  etc. 

43  Protective  Apparatus,  such  as  fuses,  lightning  arresters,  etc. 

44  Luminous  Sources. 

E.    MOTORS.    SPEED  CLASSIFICATION. 

46      Motors  may,  for  convenience,  be  classified  with  reference  to  their  speed- 
characteristics  as  follows: 

46  a.  Constant-speed  Motors,  in  which  the  speed  is  either  constant  or 
does  not  materially  vary;  such  as  synchronous  motors,  induction  motors 
With  small  ^p,  and  ordinisuy  direct-current  shunt  motors. 
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47  6.  MuLTisPEED  Motors  (two-speed,  three-speed,  etc.),  which  can  be 
operated  at  any  one  of  several  distinct  speeds,  these  speeds  being 
practically  independent  of  the  load,  such  as  motors  with  two  armature 
windings. 

48  c.  Adjustable-spbbd  Motors,  in  which  the  speed  can  be  varied  grad- 
ually over  a  considemble  range;  but  when  once  adjusted  remains  prac- 
tically unaffected  by  the  load,  such  as  shunt  motors  designed  for  a  con- 
siderable range  of  field  variation. 

49  d,  Varying-Spebd  Motors,  or  motors  in  which  the  speed  varies  with 
the  load,  decreasing  when  the  load  increases;  such  as  series  motors. 

F.    DEFINITION  AND  EXPLANATION  OF  TERMS. 

a)  LOAD  FACTOR. 

fiO  The  Load  Factor  of  a  machine,  plant  or  system  is  the  ratio  of  the 
average  power  to  the  maximtmi  power  during  a  certain  period  of  time. 
The  average  power  is  taken  over  a  certain  interval  of  time,  such  as  a  day 
or  a  year,  and  the  maximum  is  taken  over  a  ^ort  interval  of  the  maxi- 
mum load  within  that  interval. 

61  In  each  case  the  interval  of  maximum  load  should  be  definitely  speci- 
fied. The  proper  interval  is  usually  dependent  upon  local  conditions  and 
upon  the  purpose  for  which  load  factor  is  to  be  determined. 

(II)  NON-INDUCTIVE  LOAD  AND  INDUCTIVE  LOAD, 

62  A  non-inductive  load  is  a  load  in  which  the  current  is  in  phase  with  the 
voltage  across  the  load. 

68  An  inductive  load  is  a  load  in  which  the  current  lags  behind  the  voltage 
across  the  load.  A  load  in  which  the  current  leads  the  voltage  across  the 
load  is  sometimes  called  an  anti-inductive  load. 

(III)  POWER-FACTOR  AND  REACTIVE  FACTOR. 

54  The  Power-Factor  in  alternating-current  circuits  or  apparatus  is  the 
ratio  of  the  electric  power  in  watts  to  the  apparent  power  in  volt-amperes. 
It  may  be  expressed  as  follows: 

true  power      ^        watts        ^  energy  current  ^  energy  voltage 
apparent  power       volt-amperes        total  current  total  voltage 

66  The  Reactive  Factor  is  the  ratio  of  the  wattless  volt -amperes  (*.*., 
the  product  of  the  wattless  component  of  current  by  voltage,  or  wattless 
component  of  voltage  by  current)  to  the  total  amperes.  It  may  be  ex- 
pressed as  follows: 

wattless  volt-amperes      wattless  current      wattless  voltage 
total  volt -amperes  total  current  total  voltage 

66  Power-Factor  and  REACTrvs  Factor  are  related  as  follows: 

li  p  ^  power-factor,  q  «  reactive-factor,  then  with  sine  waves  of  voltage 
and  current, 

With  distorted  waves  of  voltage  and  current, 

i?  +  f  -  or  <  1 

(I\^)  SATURATION-FACTOR. 

67  The  Saturation-Factor  of  a  machine  is  the  ratio  of  a  small  percentage 
increase  in  field  excitation  to  the  corresponding  percentage  mcrease  m 
voltage  thereby  produced.  The  saturation  factor  is,  therefore,  a  criterion 
of  the  degree  of  saturation  attained  in  the  magnetic  circuits  at  any  ex- 
citation selected.  Unless  otherwise  S]3ecified,  however,  the  saturation 
factor  of  a  machine  refers  to  the  excitation  existing  at  normal  rated  speed 
and  voltage.  It  is  determined  from  measurements  of  saturation  made  on 
open  circuit  at  rated  speed. 

The  Percentage  of  Saturation  of  a  machine  at  any  excitation  may 
be  found  from  its  saturation  curve  of  generated  voltage  as  ordinates,  against 
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excitation  as  abscissas,  b^  drawing  a  tangent  to  the  curve  at  the  ordinate 
corresponding  to  the  assigned  excitation,  and  extending  the  tangent  to 
intercept  the  axis  of  ordinates  drawn  through  the  origm.  The  ratio  of 
the  intercept  on  this  axis  to  the  ordinate  at  the  assigned  excitation,  when 
expressed  in  percentage,  is  the  {>ercentage  of  saturation  and  is  indepen- 
dent of  the  scale  selected  for  excitation  and  voltage.  This  ratio  is  equal 
to  the  reciprocal  of  the  saturation-factor  at  the  same  exdtation,  deducted 
from  unity.  Thus,  if  /  be  the  saturation  factor  and  p  the  percentage  of 
saturation  ratio, 

1 

(V)  VARIATION  AND  PULSATION. 

69  The  Variation  in  Prime  Movers  which  do  not  give  an  absolutely 
uniform  rate  of  rotation  or  speed,  as  in  reciprocating  steam  engines,  is 
the  maximum  angular  displacement  in  position  of  the  revolving  member  ex- 
p^ssed  in  degrees,  from  the  position  it  would  occupy  with  uniform  rota- 
tion, and  with  one  revolution  taken  as  360°. 

60  The  Pulsation  in  Prime  Movers  is  the  ratio  of  the  difference  between 
the  maximum  and  minimum  velocities  in  an  engine-cycle  to  the  average 
velocity. 

61  The  Variation  in  Alternators  or  alternating-current  circuits  in  eeneral 
is  the  maximum  difference  in  phase  of  the  generated  voltage  wave  from  a 
wave  of  absolutely  constant  frequency,  expressed  in  clerical  degrees 
(one  cycle  equals  360  degrees)  and  nmy  be  due  to  the  variation  of  the 
prime  mover. 

62  The  Pulsation  in  Alternators,  or  alternating-current  circuits,  in  gen- 
eral, is  the  ratio  of  the  difference  between  maximum  and  minimum  fre- 
quency during  an  engine  cycle  to  the  average  frequency. 

63  Relation  op  Variation  in  prime  mover  and  alternator. 

64  If  n  *  number  of  i)airs  of  poles,  the  variation  of  an  alternator  is  n 
times  the  variation  of  its  prime  mover,  if  direct-connected,  and  n/p  times 
the  variation  of  the  prime  mover  if  rigidly  connected  thereto  in  the  ve- 
locity ratio  p. 

n.    PERFORMANCE  SPECIFICATIONS  AND  TESTS. 

A.     RATING. 

66  Rating  by  Output.  All  electrical  apparatus  should  be  rated  by  output 
and  not  by  input.  Generators,  transformers,  etc.,  should  be  rated  by 
electrical  output:  motors  by  mechanical  output. 

66  Rating  in  Kilowatts.  Electrical  power  should  be  expressed  in  kilo- 
watts, except  when  otherwise  specifiea. 

67  Apparent  Power,  Kilovolt-Amperes.  Apparent  power  in  alternating- 
current  circuits  should  be  expressed  in  kilovolt-amperes  as  distinguished 
from  real  power  in  kilowatts.  When  the  power  factor  is  100  per  cent., 
the  apparent  power  in  kilovolt-amperes  is  equal  to  the  kilowatts. 

68  The  Rated  (Full-Load)  Current  is  that  current  which,  with  the  rated 
terminal  voltage,  gives  the  rated  kilowatts,  or  the  rated  kilovolt-amperes. 
in  machines  in  which  the  rated  voltage  differs  from  the  no-load  voltage, 
the  rated  current  should  refer  to  the  former. 

69  Determination  op  Rated  Current.  The  rated  current  mav  be  de- 
termined as  follows;  If  P  «  rating  in  watts,  or  apparent  watts  if  the  power 
factor  be  other  than  100  per  cent.,  and  E  «  full-load  terminal  voltage* 
the  rated  current  per  terminal  is: 

P 

70  /  «  ^  in  a  direct-current  machine  or  single-phase  alternator. 

1     P 

71  /  ■■    ■  y —  g-  in  a  three-phase  alternator. 

72  ^  ^  2     e"  ^  ^  two-phase  alternator. 
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78  Normal  Conditions.  The  rating  of  machines  or  apparatus  should  be 
based  upon  certain  normal  conditions  to  be  assumed  as  standard,  or  to  be 
specified.  These  conditions  .include  vc^ltage,  current,  power-factor,  fre- 
quency,  wave  shape  and  speed;  or  such  of  them  as  may  apply  in  each  par- 
ticular case.  Performance  tests  should  be  made  under  these  standard 
conditions  unless  otherwise  specified. 

74  a.  Power  Factor.  Alternating-current  apparatus  should  be  rated  in 
kilowatts,  at  100  per  cent,  power  factor;  *.e.,  with  current  in  phase  with 
terminal  voltage,  unless  a  phase  displacement  is  inherent  in  the  apparatus 
or  is  specified.  If  a  power  factor  other  than  lUO  per  cent,  is  specified, 
the  rating  ^ould  be  expressed  in  kilovolt-amperes  and  power  factor,  at 
rated  load. 

76  b.  Wave  Shape.  In  determining  the  rating  of  alternating-current  ma- 
chines or  apparatus,  a  sine  wave  shape  of  alternating  current  and  voltage 
is  assumed,  except  where  a  distorted  wave  shape  is  inherent  to  the  appar- 
atus.   See  Sees.  79-83. 

76  Fuses.  The  rating  of  a  fuse  should  be  the  maximum  current  which  it 
will  continuously  carry. 

77  Circuit-Breakers.  The  rating  of  a  circuit-breaker  should  be  the  max- 
imum current  which  it  is  designed  to  carry  continuously. 

78  a.  Note.  In  addition  thereto,  the  maximum  current  and  voltage  at 
which  a  fuse  or  a  circuit-breaker  will  open  the  circuit  should  be  specified. 
It  is  to  be  noted  that  the  behavior  of  fuses  and  of  circuit-breakers  is  much 
influenced  by  the  amount  of  electric  power  available  on  the  circuit. 

B.    WAVE  SHAPE. 

79  The  Sine  Wave  should  be  considered  as  standard,  except  where  a  dif- 
ference in  the  wave  form  from  the  sinusoidal  is  inherent  in  the  operation 
of  the  apparatus. 

80  A  Maximum  Deviation  of  the  wave  from  sinusoidal  shape  not  exceeding 
10  per  cent,  is  permissible,  except  when  otherwise  specified. 

81  The  Deviation  of  wave  form  from  the  sinusoidal  is  measured  by  de- 
termining the  form  by  oscillograph  or  wave  meter,  computing  therefrom 
the  equivalent  sine  wave  of  equal  length,  superposing  the  latter  upon  the 
observed  wave  in  such  a  manner  as  to  give  least  difference,  and  then 
dividing  the  maximum  difference  at  any  ordinate  by  the  maximum  value 
of  the  equivalent  sine  wave. 

The  Equivalent  Sine  Wave  is  a  sine  wave  having  the  same  frequency 
and  the  same  effective  or  r.m.s.  (root  of  mean  square)  value  as  the  actual 
wave. 

NoN-SiNE  Waves.  The  phase  displacement  between  two  waves  which 
are  not  sine  waves,  is  that  phase  displacement  between  their  equivalent 
sine  waves  which  would  give  the  same  avemge  product  of  instantaneous 
values  as  the  actual  waves;  «.«.,  the  same  electro-djmamometer  reading. 

C.     EFFICIENCY. 
(I)    DEFINITIONS. 

84  The  Efficiency  of  an  apparatus  is  the  ratio  of  its  net  power  output 
to  its  gross  power  input. 

a.  Note.  An  exception  should  be  noted  in  the  case  of  storage  batteries 
or  apparatus  for  storing  energy  in  which  the  efficiency,  unless  otherwise 
qualined,  should  be  understood  as  the  ratio  of  the  energy  output  to  the 
energy  intake  in  a  normal  cycle.  An  exception  should  also  be  noted  in 
the  case  of  luminous  sources. 

Apparent  Efficiency.  In  apparatus  in  which  a  phase  displacement  is 
inherent  to  their  operation,  apparent  efficiency  should  be  understood  as 
the  ratio  of  net  power  output  to  volt-ampere  input. 
87  o.  Note.  Such  apparatus  comprise  induction  motors,  reactive  S5mchron- 
ous  converters,  synchronous  converters  controlling  the  voltage  of  an 
alternating-current  system,  self-exciting  synchronous  motors,  potential 
regulators  and  open  magnetic  circuit  transformers,  etc. 

o.  Note.  Since  the  apparent  efficiency  of  apparatus  delivering  electric 
power  depends  upon  the  power-factor  of  the  load,  the  apparent  efficiencv, 
tmless  otherwise  specified,  should  be  referred  to  a  load  power-factor  of  unity. 
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(II)  DETERMINATION  OF  EFFICIENCY. 

89  Methods.  Efficiency  may  be  determined  by  either  of  two  methods; 
viz.:  by  measurement  of  input  and  output;  or,  by  measurement  of  losses. 

90  a.  Method  Op  Input  and  CbuTPUT.  The  input  and  output  may  both 
be  measured  directly.    The  ratio  of  the  latter  to  the  former  is  the  efficiency. 

91  b.  Method  by  Losses.  The  losses  may  be  measured  either  collectively 
or  individually.  The  total  losses  may  be  added  to  the  output  to  derive 
the  input,  or  subtracted  from  the  input  to  derive  the  output. 

92  Comparison  of  Methods.  The  output  and  input  method  is  preferable 
with  small  machines.  When,  however,  as  in  the  case  of  large  machines, 
it  is  impracticable  to  measure  the  output  and  input;  or  when  the  per- 
centage of  power  loss  is  small  and  the  efficiency  is  nearly  unity,  the  method 
of  determining  efficiency  by  measuring  the  losses  should  be  followed. 

95  Electric  Power  should  be  measured  at  the  terminals  of  the  appar- 
atus. In  tests  of  polyphase  machines,  the  measurement  of  power  should 
not  be  confined  to  a  smgle  circuit  but  should  be  extended  to  all  the  cir- 
cuits in  order  to  avoid  errors  of  unbalanced  loading. 

94  Mechanical  Power  in  machines  should  be  measured  at  the  pulley, 
gearing,  coupling,  etc.,  thus  excluding  the  loss  of  power  in  said  pulley, 
gearing  or  couplmg,  but  including  the  bearing  friction  and  windage.  The 
magnitude  of  bearing  friction  and  windage  may  be  considered,  with  con- 
stant speed,  as  independent  of  the  load.  The  loss  of  power  in  the  belt  and 
the  increase  of  beanng  friction  due  to  belt  tension  should  be  excluded. 
Where,  however,  a  machine  is  mounted  upon  the  shaft  of  a  prime  mover, 
in  such  a  manner  that  it  cannot  be  separated  therefrom,  the  frictional 
losses  in  bearings  and  in  windage,  which  ought,  by  definition,  to  be  included 
in  determming  the  efficiency,  Siould  be  excluded,  owing  to  the  practical 
impossibility  of  determining  them  satisfactorily. 

96  In  Auxiliary  Apparatus,  such  as  an  exciter,  the  power  lost  in  the 
auxiliary  apparatus  should  not  be  charged  to  the  principal  machine,  but 
to  the  plant  consisting  of  principal  machine  and  auxiliary  apparatus 
taken  together.  The  plant  emciency  in  such  cases  should  be  distinguished 
from  the  machine  efficiency. 

96  Normal  Conditions.  Efficiency  tests  should  be  made  under  normal 
conditions  herein  set  forth  and  which  are  to  be  assumed  as  standard. 
These  conditions  include  voltage,  current,  power-factor,  frequency,  wave 
shape,  speed  and  barometric  pressure,  temperature,  or  such  of  them  as 
may  apply  in  each  particular  case.  Performance  tests  should  be  made 
under  these  standard  conditions  unless  otherwise  specified.  See  Sec3. 
73-75. 

97  a.  Temperature.  The  efficiency  of  all  apparatus,  except  such  as  may 
be  intended  for  intermittent  service,  should  be  either  measured  at,  or  re- 
duced to,  the  temperature  which  the  apparatus  assumes  under  continuous 
operation  at  rated  load,  referred  to  a  room  temperature  of  25®  C.  See 
Sees..  267-292. 

98  With  apparatus  intended  for  intermittent  service,  the  efficiency  should 
be  determined  at  the  temperature  assumed  under  specified  conditions. 

99  b.  Power  Factor.  In  determining  the  efficiency  of  alternating-current 
apparatus,  the  electric  power  should  be  measured  when  the  current  is  in 
phase  with  the  voltage,  unless  otherwise  specified,  except  when  a  definite 
phase  difference  is  inherent  in  the  apparatus,  as  in  mduction  motors, 
induction  generators,  frequency  converters,  etc. 

100  c.  Wave  Shape.  In  electrical  apparatus,  the  sine  wave  should  be 
considered  as  standard,  except  where  a  difference  in  the  wave  form  from 
the  sinusoidal  is  inherent  in  the  operation  of  the  apparatus.  See  Sees. 
7^-83. 

(III)  MEASUREMENT  OF  LOSSES, 

101  Losses.  The  usual  sources  of  losses  in  electrical  apparatus  and  the 
methods  of  determining  these  losses  are  as  follows: 

102  (A)    Bearing  Friction  and  Windage. 

The  magnitude  of  bearing  friction  and  windage  (which  may  be  consid- 
ered as  independent  of  the  load)  is  oonveniently  measured  by  driving 
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the  machine  from  an  independent  motor,  the  output  of  which  may  bft 
suitably  determined.     See  Sec.  94. 

(B)  Commutator  Brush  Friction. 

103  The  magnitude  of  the  commutator  brush  friction  (which  may  be  coa- 
sidered  as  independent  of  the  load)  is  determined  by  measuring  the  dif- 
ference in  power  required  for  driving  the  machine  with  brushes  on  and 
with  brushes  off  (the  field  being  unexcited). 

(C)  Collector-Ring  Brush  Friction. 

104  Collector-ring  brush  friction  may  be  determined  in  the  same  manner 
as  commutator  brush  friction.     It  is  usually  negligible. 

(D)  Molecular  Magnetic  Friction  and  Eddy  Currents. 

106  These  losses  include  those  due  to  molecular  magnetic  friction  and  eddy 
currents  in  iron  and  copper  and  other  metallic  parts,  also  the  losses  due 
to  currents  in  the  cross-connections  of  cross-connected  armatures. 

106  In  Machines  these  losses  should  be  determined  on  open  circuit  and 
at  a  voltage  equal  to  the  rated  voltage  +  J  r  in  a  generator,  and  — /  r  in  a 
motor,  where  7  denotes  the  current  strength  and  r  denotes  the  internal 
resistance  of  the  machine.  They  should  be  measured  at  the  correct 
speed  and  voltage,  since  they  do  not  usually  vary  in  any  definite  pro- 
portion to  the  speed  or  to  the  voltage. 

107  Note.  The  Total  Losses  in  bearing  friction  and  windage,  brush  fric- 
tion, magnetic  friction  and  eddy  currents  can,  in  general,  be  determined 
b^  a  single  measurement  by  driving  the  machine  with  the  field  excited, 
either  as  a  motor,  or  by  means  of  an  independent  motor. 

108  Retardation  Method.  The  no-load  iron,  friction,  and  windage  losses 
may  be  segregated  by  the  Retardation  Method,  in  which  the  generator 
should  be  brought  up  to  full  speed  (or,  if  possible,  to  about  10  per  cent, 
above  full  speed)  as  a  motor,  and,  after  cutting  off  the  driving  power  and 
excitation,  frequent  readings  should  be  taken  of  speed  and  time,  as  the 
machine  slows  down,  from  which  a  speed-time  curve  can  be  plotted.  A 
second  curve  should  be  taken  in  the  same  manner,  but  with  full  field  ex- 
citation; from  the  second  curve  the  iron  losses  may  be  found  by  subtracting 
the  losses  found  in  the  first  curve. 

109  The  speed-time  curves  can  be  plotted  automatically  by  belting  a  small 
separately  excited  generator  (say  1/10  kw.)  to  the  generator  shaft  and 
connecting  it  to  a  recording  voltmeter.  When  the  retardation  method 
is  not  feasible,  the  frictional  losses  in  bearings  and  in  windage,  which 
ought,  by  definition,  to  be  included  in  determining  the  efficiency,  may 
be  excluded;  but  this  should  be  expressly  stated. 

(E)  Armature-Resistance  Loss. 

110  This  loss  may  be  expressed  hy  p  P  r;  where  r  «  resistance  of  one  arma- 
ture circuit  or  branch,  I  «■  the  current  in  such  armature  circuit  or  branch, 
and  f  =»  the  number  of  armature  circuits  or  branches. 

(F)  Commutator  Brush  and  Brush-Contact  Resistance  Loss. 

111  It  is  desirable  to  i>oint  out  that  with  carbon  brushes  these  losses  may 
be  considerable  in  low-voltage  machines.  ji 

(G)      COLLECTOR-RiNG  AND   BrUSH-CoNTACT  RESISTANCE  LoSS. 

112  This  loss  is  usually  negligible,  except  in  machines  of  extremely  low 
voltage  or  in  unipolar  machines. 

(H)    Field  Excitation  Loss. 

113  With  separately  excited  fields,  the  loss  of  power  in  the  resistance  of  the 
field  coils  alone  should  be  considered.  With  either  shunt-  or  series-field 
windings;  however,  the  loss  of  power  in  the  accompanying  rheostat  should 
also  be  included,  the  said  rheostat  being  considered  as  an  essential  part 
of  the  machine,  and  not  as  separate  auxiliary  apparatus. 

114  (J)    Load  Losses. 

The  load  losses  may  be  considered  as  the  difference  between  the  total 
losses  under  load  and  the  sum  of  the  losses  aJx)ve  sx)ecified. 
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116  a.  In  CoicifUTATiNG  Machines  of  small  field  distortion,  the  load  losses 
are  usually  trivial  and  may,  therefore, be  neglected.  When,  however,  the  field 
distortion  is  large,  as  is  shown,  for  instance,  by  the  necessity  for  shiftily  the 
brushes  between  no  load  and  full  load»  or  with  variations  of  load,  these 
load  losses  may  be  considerable,  and  should  be  taken  into  account.  In 
this  case  the  efficiency  may  be  determined  either  by  input  and  output 
measurements,  or  the  load  losses  may  be  estimated  by  the  method  of 
Sec.  116. 

116  b.  Estimation  op  Load  Losses.  While  the  load  losses  cannot  well  be 
determined  individually,  they  may  be  considerable  and,  therefore,  their 

t'oint  influence  should  be  determined  by  observation.  This  can  be  done 
>y  operating  the  machine  on  short-circuit  and  at  full-load  current,  that 
is,  by  determining  what  may  be  called  the  *'  short-circuit  core  loss."  With 
the  low  field  intensity  and  great  lag  of  current  existing  in  this  case,  the 
load  losses  are  usually  great l^r  exaggerated. 

117  One-third  of  the  short-circuit  core  loss  may,  as  an  approximation,  and 
in  the  absence  of  more  accurate  information,  be  assumed  as  the  load  loss. 

(IV)    EFFICIENCY  OF  DIFFERENT  TYPES  OF  APPARATUS. 
{A)    Direct-Current  Commutatino  Machines. 

118  In  Direct-Current  Commutatino  Machines  the  losses  are: 

119  a.  Bearing  Friction  and  Windage.  See  Measurement  of  Losses  (A), 
Sec.  102. 

120  b.  Molecular  Magnetic  Friction  and  Eddy  Currents.  See  Measure^ 
ment  of  Losses  (Zy),  Sec.  105. 

121  c.  Armature  Resistancb  Losses.  See  Measurement  of  Losses  (£), 
Sec.  110. 

122  d.  Commutator  Brush  Friction.  See  Measurement  of  Losses  {B), 
Sec.  103. 

123  e.  Commutator  Brush  and  Brush  Contact  Resistance.  See  Meas- 
urement of  Losses  (F),  Sec.  111. 

124  /.  Field  Excitation  Loss.     See  Measurement  of  Losses  (H),  Sec.  113. 
126      g.  Load  Losses.    See  Measurement  of  Losses  (/),  Sec.  114. 

126  Note,  b  and  c  are  losses  in  the  armature  or  "  armature  losses  ^*; 
d  and  e  "  commutator  losses  ";  /  '*  field  losses." 

{B)    Alternating-Current  Commutating  Machines. 

127  In  Alternating-Current  Commutating  Machines,  the  losses  are: 

128  a.  Bearing  Friction  and  Windage.  See  Measurement  of  Losses  (A), 
Sec.  102. 

129  6.  Rotation  Loss,  measured  with  the  machine  at  open  circuit,  the 
brushes  on  the  commutator,  and  the  field  excited  by  alternating  cur- 
rent when  driving  the  machine  by  a  motor. 

180  This  loss  includes  molecular  magnetic  friction,  and  eddy  currents^ 
caused  by  rotation  through  the  magnetic  field,  Pr  losses  in  cross-con- 
nections of  cross-connected  armatures,  Pr  and  other  losses  in  armature- 
coils  and  armature-leads  which  are  short-circuited  by  the  brushes  as  far 
as  these  losses  are  due  to  rotation. 

181  c.  Alternating  or  Transformer  Loss.  These  losses  are  measured 
by  wattmeter  in  the  field  circuit,  under  the  conditions  of  test  b.  They 
include  molecular  magnetic  friction  and  eddy-currents  due  to  the  alter 
nation  of  the  magnetic  field,  Pr  losses  in  cross-connections  of  cross-con- 
nected armatures,  Pr  and  other  losses  in  armature  coil  and  commutator 
leads  which  are  short-circuited  by  the  brushes,  as  far  as  these  losses  are 
due  to  the  alternation  of  the  magnetic  flux. 

182  The  losses  in  armature-coils  and  commutator  leads  short-circuited  by 
the  brushes,  can  be  separated  in  6,  and  c,  from  the  other  losses,  by  run- 
nine  the  machine  with  and  without  brushes  on  the  commutator. 

188  a.  Pr  Loss,  Other  Load  Losses  in  armature  and  compensating  wind- 
ing and  Pr  loss  of  brushes,  measured  by  wattmeter  connected  across  the 
armature  and  compensating  winding. 

184      e.  Field  Excitation  Loss.    See  Measurement  of  Losses  (H),  See.  113. 

186  /.  CoMMUTATOK  BRUsa-FucxxoN.  See  Measurement  of  Losses  (0),  Sec. 
lOB, 
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(O    Syncbrokous  Commutatino  Machines. 

186  1.  In  DouBLB-CuRRENT  GENERATORS,  the  efficiency  of  the  machine 
should  be  determined  as  a  direct-current  generator,  and  also  as  an  alter- 
nating-current generator.  The  two  values  of  efficiency  may  be  difiEerent^ 
and  should  be  clearly  distinguished. 

187  2.  In  Converters  the  losses  should  be  determined  when  driving  the 
machine  by  a  motor.    These  losses  are: 

188  a.  Bearing  Friction  and  Windage.  See  Measurement  of  Losses  (i4)« 
Sec.  102. 

189  b.  Molecular  Magnetic  Friction  and  Eddy  Currents.  See  Meafr- 
urement  of  losses  (D)   Sec.  105. 

140  c.  Armature  Resistance  Loss.  This  loss  in  the  armature  is  ^iV; 
where  /  *  direct  current  in  armature,  r  >*>  armature  resistance  and  a,  a 
factor  which  is  equal  to  1.47  in  single-circuit  single-phase,  1.15  in  double- 
circuit  single-phase,  0.59  in  three-phase,  0.39  in  two-phase,  and  0.27  in 
six-phase  converters. 

141  d.  Commutator-Brush  Friction.  See  Measurement  of  Losses  (B),  Sec. 
103. 

142  0.  Collector-Ring  Brush  Friction.  See  Measurement  of  Losses  (C)» 
Sec.  104. 

143  /.  Commutator-Brush  and  Brush-Contact  Resistance  Loss.  See 
Measurement  of  Losses  (F),  Sec.  111. 

144  g,  Collector-Ring  Brush-tContact  Resistance  Loss.  See  Measure- 
ment of  Losses  (G),  Sec.  112. 

146      k.  Field  Excitation  Loss.     See  Measurement  of  Losses  (H),  Sec.  109. 

146  i.  Load  Losses.  These  can  generally  be  neglected,  owing  to  the  ab- 
sence of  field  distortion. 

147  3.  The  Efficiency  of  Two  Similar  Converters  may  be  determined 
by  operating  one  machine  as  a  converter  from  direct  to  alternating,  and 
tne  other  as  a  converter  from  alternating  to  direct,  connecting  the  alter- 
nating sides  together,  and  measuring  the  difference  between  the  direct- 
current  input,  and  the  direct-current  output.  This  process  may  be  modi- 
fied by  returning  the  output  of  the  second  machine  through  two  boosters 
into  the  first  machine  and  measuring  the  losses.  Another  modification 
is  to  supply  the  losses  by  an  alternator  between  the  two  machines,  using 
potential  regulators. 

(D)  Synchronous  Machines. 

148  In  Synchronous  Machines  the  losses  are: 

149  a.  Bearing  Friction  and  Windage.  See  Measurement  of  Losses  (A), 
Sec.  102. 

160  b.  Molecular  Magnetic  Friction  and  Eddy  Currents.  See  Measure- 
ment of  Lossess  (Z>),Sec.  105. 

161  c.  Armature  Resistance  Loss.  See  Measurement  of  Losses  (£),  Sec. 
110. 

162  d.  Collector- Ring  Brush  Friction.  See  Measurement  of  Losses  (C), 
Sec.  104. 

168      e.  Collector-Ring  Brush  Contact  Resistance  Loss.    See  Measure- 
ment of  Losses  (G),  Sec.  112. 
164      /   Field  Excitation  Loss.    See  Measurement  of  Losses  (H),  Sec.  113. 
166      g.  Load  Losses.    See  Measurement  of  Lo^es  (/),  Sec.  114. 

(E)  Stationary  Induction  Apparatus. 

166  In  Stationary  Induction  Apparatus,  the  losses  are: 

167  a.  Molecular  Magnetic  Friction  and  Eddy  Currents  measured  at 
open  secondary  circuit,  rated  frequency,  and  at  rat^  voltage  —  I  r,  where 
/  —  rated  current,  r  =»  resistance  of  primary  circuit. 

168  b.  Resistance  Losses,  the  sum  of  the  P  r  losses  in  the  primary  and 
in  the  secondary  windings  of  a  transformer,  or  in  the  two  sections  of  the 
coil  in  a  compensator  or  auto-transformer,  where  /  —  rated  current  in 
the  coil  or  section  of  coil,  and  r  —  resistance. 

169  c.  Load  Losses,  i.e.,  eddy  currents  in  the  iron  and  especially  in  the 
copper  conductors,  caused  by  tha  current  at  rated  load.    For  practical 


520  STANDARDIZATION   RULES. 


purposes  they  may  be  determined  by  short-circuiting  the  secondary  of 
the  transformer  and  impressing  upon  the  primary  a  voltage  sufficient  to 
send  rated  load  current  through  the  transformer.  The  loss  in  the  trans- 
former under  these  conditions  measured  by  wattmeter  gives  the  load 
losses +i^  r  losses  in  both  primary  and  secondary  coils. 

160  In  Closed  Magnbtic  Circuit  Transformer:,  sither  of  the  two  circuits 
may  be  used  as  primary  when  determining  the  e^^ciency. 

161  111  Potential  Kbgulators,  the  efficiency  should  be  taken  at  the  max- 
imum voltage  for  which  the  apparatus  is  designed,  and  with  non-inductive 

'  load,  unless  otherwise  specified. 

(F)  RoTA&Y  Induction  Apparatus,  or  Induction  Machines. 

162  In  Rotary  Induction  Apparatus,  the  losses  are: 

163  a.  Bearing  Friction  and  Windage.  See  Measurement  of  Losses  (A), 
Sec.  102. 

164  6.  Molecular  Magnetic  Friction  and  Eddy  Currents  in  iron,  copper 
and  other  metallic  parts;  also  P  r  losses  which  may  exist  in  multiple- 
circuit  windings,  a  and  b  together  are  determined  by  running  the 
motor  without  load  at  rated  voltage,  and  measuring  the  power  input. 

166  c.  Primary  PR  Loss,  which  may  be  determined  by  measurement  of 
the  current  and  the  resistance. 

166  d.  Secondary  P  R  Loss,  which  mav  be  determined  as  in  the  i>rimary. 
when  feasible;  otherwise,  as  in  squirrel-cage  secondaries,  this  loss  is  meas- 
uied  as  part  of  e, 

167  e.  Load  Losses;  i,e.,  molecular  magnetic  friction,  and  eddy  currents 
in  iron,  copper,  etc.,  caused  by  the  stray  field  of  primary  and  secondary 
currents,  and  secondary  P  R  loss  when  tmdeterminable  under  (d).  These 
losses  may  for  practical  purposes  be  determined  by  measuring  the  total 
power,  with  the  rotor  short-circuited  at  standstill  and  a  current  in  the 
primary  circuit  equal  to  the  primary  energy  current  at  full  load.  The 
loss  in  the  motor  under  these  conditions  may  be  assumed  to  be  equal  to 
the  load  losses  +Pr  losses  in  both  primary  and  secondary  coils. 

(G)  Unipolar  or  Acyclic  Machines. 

168  In  Unipolar  Machines,  the  losses  are: 

169  (a)  Bearing  Friction  and  Windage.  See  Measurement  of  Losses  (A), 
Sec.  102. 

170  (b)  Molecular  Magnetic  Friction  and  Eddy  Currents.  See  Meas- 
urement of  Losses  (E),  Sec.  106. 

171  (c)  Armature  Resistance  Losses.  See  Measurement  of  Losses  (£)» 
Sec.  110. 

172  (d)  Collector  Brush  Friction.  See  Measurement  of  Losses  (Q,  Sec. 
104. 

173  (e)  Collector  Brush  Contact  Resistance.  See  Measurement  of 
Losses  (Cx),  Sec.  112. 

174  (/)  Field-Excitation  as  in  Sec  113.  See  Measurement  of  Losses  (HX 
Sec.  113. 

175  (jg)  Load  Losses.    See  Measurement  of  Losses  (/),  Sec.  114. 

{H)    Rectipying  Apparatus,  Pulsating-Current  Generators. 

176  This  Division  Includes:  open-coil  arc  machines  and  mechanical  and 
other  rectifiers. 

177  In  Rectifiers  the  most  satisfactory  method  of  determining  the  efficiency 
is  to  measure  both  electric  injnit  and  electric  output  by  wattmeter.  The 
input  is  usually  inductive,  owing  to  phase  displacement  and  to  wave  dis- 
tortion. For  this  reason  the  power  factor  and  the  apparent  efficiency 
should  also  be  considered,  since  the  latter  may  be  much  lower  than  the 
true  efficiency.  The  power  consumed  by  auxiliary  devices,  such  as  the 
synchronous  motor  or  cooling  devices,  should  be  included  in  the  electric 
input. 

178  In  Constant-Current  Rectifiers,  transforming  from  constant  poten- 
tial alternating  to  constant  direct  current,  by  means  of  constant-current 
transforming  devices  and  rectifying  devices,  the  losses  in  the  transforming 
devices  are  to  be  included  in  determining  the  efficieocy  and  have  to  be 
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measured  when  operating  the  rectifier,  since  in  this  case  the  losses  may  be 
greater  than  when  feeding  an  alternating  secondary  circuit.  In  constant- 
current  transforming  devices,  the  load  losses  may  be  considerable,  and, 
therefore,  should  not  be  neglected. 

179  In  Open  Coil  Arc  Machines,  the  losses  are  essentially  the  same  as  in 
direct-current  (closed  coil)  commutating  machines.  In  this  case,  how- 
ever, the  load  losses  are  usually  greater,  and  the  efficiency  should  prefer- 
ably be  measured  by  input-  and  output-test,  using  wattmeters  for  measuring 
the  output.  In  alternating-current  rectifiiers,  the  output  should,  in  gen- 
eral, be  measured  by  wattmeter  and  not  by  voltmeter  and  ammeter, 
since  owine  to  pulsation  of  current  and  voltage,  a  considerable  discrepancy 
may  exist  between  watts  and  volt-amperes.  If,  however,  a  direct-current 
and  an  alternating-current  meter  in  the  rectified  circuit  (either  a  volt- 
meter or  an  ammeter)  give  the  same  reading,  the  output  may  be  measured 
by  direct-current  voltmeter  and  ammeter.  The  type  of  alternating-cur- 
rent instrument  here  referred  to  should  indicate  the  effective  or  root-of- 
mean-square  value  and  the  type  of  direct-current  instrument  the  arith- 
metical mean  value,  which  would  be  zero  on  an  alternating-current  circuit. 

(I)    Transmission  Lines. 

180  The  Efficiency  of  transmission  lines  should  be  measured  with  non- 
inductive  load  at  the  receiving  end,  with  the  rated  receiving  voltage  and 
frequency,  also  with  sinusoidal  impressed  wave  form,  exc^)t  where  ex- 
pressly specified  otherwise,  and  with  the  exclusion  of  transformers  or 
other  apparatus  at  the  ends  of  the  line. 

(7)    Phase-Displacing  Apparatus. 

181  In  Apparatus  Producing  Phase  Displacement  as,  for  example, 
synchronous  com^nsators,  exciters  of  induction  generators,  reactors,  con- 
densers, polarization  cells,  etc.,  the  efficiency  should  be  understood  to  be 
the  ratio  of  the  volt-amperes  minus  power  loss  to  the  volt-amperes. 

182  The  Efficiency  may  be  calculated  by  determining  the  losses,  subtract- 
ing them  from  the  volt-amperes,  and  then  dividing  the  difference  by 
the  volt-amperes. 

183  In  Synchronous  Compensators  and  exciters  of  induction  gener- 
ators, the  determination  of  losses  is  the  same  as  in  other  synchronous 
machines. 

184  In  Reactors  the  losses  are  molecular  magnetic  friction,  eddy  losses 
and  P  r  loss.  They  should  be  measured  by  wattmeter.  The  efficiency  of 
reactors  should  be  determined  with  a  sine  wave  of  impressed  voltage 
except  where  expressly  specified  otherwise. 

186  In  Condensers,  the  losses  are  due  to  dielectic  hysteresis  and  leak- 
age, and  should  be  determined  by  wattmeter  with  a  sine  wave  of  voltage. 

186  In  Polarization  Cells,  the  lossc  s  are  those  due  to  electric  resistivity 
and  a  loss  in  the  electrol3rte  of  the  nature  of  chemical  hysteresis.  These 
losses  may  be  considerable.  They  depend  upon  the  frequency,  voltage 
and  temperature,  and  should  be  determined  with  a  sine  wave  of  impressed 
voltage,  except  where  expressly  specified  otherwise. 

D.    REGULATION. 

(I)  DEFINITIONS. 

187  Definition.  The  regulation  of  a  machine  or  ai>paratus  in  regard  to  some 
characteristic  quantity  (such  as  terminal  voltage,  current  or  speed)  is  the 
ratio  of  the  deviation  of  that  quantity  from  its  normal  value  at  rated  load 
to  the  normal  mted  load  value.  The  term  '*  regulation,",  therefore,  has 
the  same  meaning  as  the  term  "  inherent  regulation,"  occasionally  used. 

188  Constant  Standard.  If  the  characteristic  quantity  is  intended  to  re- 
main constant  (e.g,,  constant  voltage,  constant  speed,  etc.)  between  rated 
load  and  no  load,  the  regulation  is  the  ratio  of  the  maximum  variation 
from  the  rated  load  value  to  the  no-load  value. 

189  ^  Varying  Standard.  If  the  characteristic  quantity  is  intended  to  vary 
in  a  definite  manner  between  rated  load  and  no  load,  the  reflation  is 
the  ratio  of  the  maximum  variation  from  the  specified  condition  to  the 
tvxmal  rated-load  value* 
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190  (a)  NoTB.  If  the  law  of  the  variation  (in  voltage,  current,  speed,  etc.)  be- 
tween rated  load  and  no  load  is  not  specified,  it  should  be  assumed  to  be 
a  simple  linear  relation;  i.e.,  one  undei^going  uniform  variation  between 
rated  load  and  no  load. 

191  (f>)  NoTB.  The  reeulation  of  an  apparatus  majr,  therefore  differ  according 
to  its  qualification  for  use.  Thus,  the  regulation  of  a  compound-wound 
generator  specified  as  a  constant-potential  generator,  will  be  different 
from  that  which  it  possesses  when  specified  as  an  over-compoimded  gen- 
erator. 

192  In  CoNSTANT-PoTBNTiAL  MACHINES,  the  regulation  is  the  ratio  of  the 
maximum  difference  of  terminal  voltage  from  the  rated-load  value  (occur- 
ring within  the  range  from  rated  load  to  open  circuit)  to  the  rated  load 
terminal  voltage. 

198  In  Constant-Current  Machines,  the  regulation  is  the  ratio  of  the 
maximum  difference  of  current  from  the  rated  load  value  (occurring 
within  the  range  from  rated-load  to  short-circuit,  or  minimum  limit  cS 
operation),  to  the  rated-load  current. 

194  In  Constant-Power  Apparatus,  the  regulation  is  the  ratio  of  maxi- 
mum difference  of  power  from  the  rated  load  value  (occurring  within  the 
range  of  operation  specified)  to  the  rated  power. 

196  In  Constant-Speed  Direct-Current  Motors  and  Induction  Mo- 
tors the  regulation  is  the  ratio  of  the  maximum  variation  of  speed  from 
its  rated  load  value  (occurring  within  the  range  from  rated  load  to  no- 
load)  to  the  rated  load  speed. 

196  The  regulation  of  an  induction  motor  is,  therefore,  not  identical  with 
the  slip  of  the  motor,  which  is  the  ratio  of  the  drop  in  speed  from  syn- 
chronism, to  the  synchronous  speed. 

197  In  Constant-Potential  Transformers,  the  regulation  is  the  ratio  of 
the  rise  of  secondary  terminal  voltage  from  rated  non-inductive  load  to 
no-load  (at  constant  primary  impressed  terminal  voltage)  to  the  secondary 
terminal  voltage  at  rated  load. 

196  In  Over-Compounded  Machines,  the  regulation  is  the  ratio  of  the 
maximum  difference  in  voltage  from  a  straight  line  connecting  the  no-load 
and  rated-load  values  of  terminal  voltage  as  function  of  the  load  current, 
to  the  rated-load  terminal  voltage. 

199  In  Converters,  Dynamotors,  Motor-Generators  and  Frbquenct 
Converters,  the  regulation  is  the  ratio  of  the  maximum  difference  of  ter- 
minal voltage  at  the  output  side  from  the  rated-load  voluage,  to  the  rated- 
load  voltage  on  the  output  side. 

SKK)  In  Transmission  Lines,  Feeders,  etc.,  the  regulation  is  the  ratio  of 
the  maximum  voltage  difference  at  the  receiving  end,  between  rated  non- 
inductive  load  and  no  load  to  the  rated-load  voltage  at  the  receiving  end 
(with  constant  voltage  impressed  upon  the  sending  end). 

SOI  In  Steam  Engines,  the  regulation  is  the  ratio  of  the  maximum  varia- 
tion of  speed  in  passing  slowiv  from  rated-load  to  no-load  (with  constant 
steam  pressure  at  the  throttle)  to  the  rated-load  speed.  For  variation 
and  pulsation  see  Sees.  59-64. 

In  a  Hydraulic  Turbine  or  Other  Water-Motor,  the  regulation  is 
the  ratio  of  the  maximum  variation  of  speed  in  passing  slowly  from  rated- 
load  to  no-load  (at  constant  head  of  water;  f.e.,  at  constant  difference  of 
level  between  tail  race  and  head  race),  to  the  rated-load  speed.  For 
variation  and  pulsation  see  Sees.  59-64. 

In  a  Gbnbrator-Unit,  consisting  of  a  generator  united  with  a  prime- 
mover,  the  regulation  should  be  determined  at  constant  conditions  of  the 
prime-mover;  i.e.,  constant  steam  pressure,  head,  etc.  It  includes  the 
mherent  speed  variations  of  the  prime-mover.  For  this  reason  the  regu- 
lation of  a  generator-unit  is  to  be  distinguished  from  the  regulation  of 
either  the  prime-mover,  or  of  the  generator  contained  in  it,  when  taken 
separately. 

(II)  CONDITIONS  FOR  AND  TESTS  OF  REGULATION 

904      Speed.    The  Regulation  op  Generators  is  to  be  determined  at  con* 

stant  speed ,  and  of  alternating  apparatus  at  constant  impressed  frequency. 

906      Non-Inductivb  Load.    In  apparatus  generating,  transforming  or  trans- 
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mitting  alternating  currents,  regulation  should  be  understood  to  refer  to 
non-inductive  load,  that  is,  to  a  load  in  which  the  current  is  in  phase  with 
the  e.m.f.  at  the  output  side  of  the  apparatus,  except  where  expressly 
specified  otherwise. 

Wavb  Form.  In  alternating  apparatus  receiving  electric  power,  regu- 
lation should  refer  to  a  sine  wave  of  e.m.f.,  except  where  expressly  speci- 

fied  otherwise. 

907  Excitation.  In  commutating  machines,  rectif3ring  machines,  and  sjm- 
chronous  machines,  such  as  direct-current  generators  and  motors,  altei^ 
natins-current  and  polyphase  generators,  the  regulation  is  to  be  deter- 
mined under  the  following  conditions: 

!1)  At  constant  excitation  in  separately  excited  fields. 
2)  With  constant  resistance  in  shunt-field  circuits,  and 
(3)  With   constant   resistance   shunting   series-field   circuits;    i.e,,   the 
fiekl  adjustment  should  remain  constant,  and  should  be  so  chosen  as  to 
give  the  required  full-load  voltage  at  full-load  current. 

Impedance  Ratio.  In  alternating-current  apparatus,  in  addition  to  the 
non-inductive  regulation,  the  impedance  ratio  of  the  apparatus  should  be 
specified;  t.f .,  the  ratio  of  the  voltage  consumed  by  the  total  internal  im- 
pedance  of  the  apparatus  at  full-load  current,  to  its  rated  full -load  voltage. 
As  far  as  possible,  a  sinusoidal  current  should  be  used. 

Computation  op  Regulation.  When  in  synchronous  machines  the 
regulation  is  computed  from  the  terminal  volta^  and  impedance  voltage, 
the  excitine  ampere-turns  corresponding  to  termmal  voltage  plus  armature- 
resistance-drop,  and  the  ampere-turns  at  short-circuit  corresponding  to 
the  armature-impedance-drop,  should  be  combined  vectorially  to  obtain 
the  resultant  ampere-turns,  and  the  corresponding  internal  e.m.f.  should 
be  taken  from  the  saturation  curve. 

E.    INSULATION. 

a)    INSULATION  RESISTANCE, 

210  Insulation  Resistance  is  the  ohmic  resistance  offered  by  an  insulating 
coating,  cover,  material  or  support  to  an  impressi^  voltage,  tending  to 
produce  a  leakage  of  current  through  the  same. 

211  Ohmic  Resistance  and  Dielectric  Strength.  The  ohmic  resistance 
of  the  insulation  is  of  secondary  importance  onlv,  as  compared  with  the 
dielectric  strength,  or  resistance  to  rupture  by  high  voltage.  Since  the 
ohmic  resistance  of  the  insulation  can  be  very  greatly  increased  by  baking, 
but  the  dielectric  strength  is  liable  to  be  weakened  thereby,  it  is  preferable 
to  specify  a  high  dielectric  strength  rather  than  a  high  insulation  resist- 
ance. The  high- voltage  test  for  dielectric  strength  should  always  be  ap- 
plied. 

212  Recommended  Value  op  Resistance.  The  insulation  resistance  of 
complete  apparatus  should  be  such  that  the  rated  voltage  of  the  apparatus 

will  not  send  more  than  ^ 1 of  the  rated-load  current,  at  the  rated* 

terminal  voltage,  through  the  insulation.     Where  the  value  found  in  this 
way  exceeds  1  megohm,  it  is  usually  sufficient. 
218      Insulation  Resistance  Tests  should,  if  possible,  be  made  at  the 
pressure  for  which  the  apparatus  is  designed. 

(P)    DIELECTRIC  STRENGTH. 
{A)    Test  Voltages. 

214  Definition.  The  dielectric  strength  of  an  insulating  wall,  coating, 
cover  or  path  is  measured  by  the  voltage  which  must  be  applied  to  it  m 
order  to  effect  a  disruptive  discharge  through  the  same. 

215  Basis  for  Determining  Test  Voltages.  The  test  voltage  which 
should  be  applied  to  determine  the  suitability  of  insulation  for  commer- 
cial operation  is  dependent  upon  the  kind  and  size  of  the  apparatus  and 
its  normal  operating  voltage,  upon  the  nature  of  the  service  in  which  it 
18  to  be  used,  and  the  severity  of  the  mechanical  and  electrical  stresses  to 
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which  it  may  be  subjected.  The  voltages  and  other  conditions  of  test 
which  are  recommended  have  been  determined  as  reasonable  and  proper 
for  the  great  ma;jority  of  cases  and  are  proposed  for  general  adoption, 
except  when  specific  reasons  make  a  modification  desirsible. 
816  Condition  of  Apparatus  to  bb  Tbsted.  Conmiercial  tests  should,  in 
{peneml,  be  made  with  the  completely  assembled  apparatus  and  not  with 
mdividual  parts.  The  apparatus  should  be  in  good  condition  and  high- 
voltage  tests,  unless  otherwise  specified,  should  be  applied  before  the 
machine  is  put  into  commercial  service,  and  should  not  oe  applied  when 
the  insulation  resistance  is  low  owing  to  dirt  or  moisture.  High- voltage 
tests  shoukl,  in  genera],  be  made  at  the  temperature  assumed  tmder  nor- 
mal operation.  Hi^h-voltage  tests  considerably  in  excess  of  the  normal 
voltages  to  detenmne  whether  specifications  are  fulfilled  are  admissible 
on  new  machines  only. 

217  Points  op  Application  op  Voltage.  The  test  voltage  should  be  sue 
cessively  applied  between  each  electric  circuit  and  all  other  electric  cir- 
cuits includmg  conducting  material  in  the  apparatus. 

218  The  Frbquency  of  the  alternating-current  test  voltage  is,  in  general, 
immaterial  within  commercial  ranges.  When,  however,  the  frequency 
has  an  appreciable  effect,  as  in  altematine-current  apparatus  of  high 
voltage  and  considerable  capacity,  the  rated  frequency  of  the  apparatus 
should  be  used. 

219  Tablb  of  Testing  Voltages.  The  following  voltages  are  recommended 
for  testing  all  apparatus,  lines  and  cables,  by  a  continued  application 
for  one  imnute.  The  test  should  be  with  alternating  voltage  having  an 
effective  value  (or  root  mean  square  referred  to  a  sine  wave  of  voltage) 
given  in  the  table  and  preferably  for  tests  of  alternating  apparatus  at 
the  normal  frequency  of  the  apparatus. 

Rated  Terminal  Voltage  of  Circuit.  Rated  Output.        Testing  Voltage. 

220  Not  exceeding  400  volts Under  10  kw 1,000  volts. 

10  kw.  and  over....  1.500    " 

400  and  over,  but  less  than  800  volts Under  10  kw 1.600    " 

"       " 10  kw.  and  over....  2.000    " 

800  "         "  "  1.200" Any 3.500     " 

1,200"         "  "  2,600" Any 6.000     " 

2,600  "         "  Any . .  .Double  the  normal  rated 

voltages. 
321  Exception. — ^Transformers.  Transformers  having  primary  pressures 
of  from  660  to  6.000  volts,  the  secondaries  of  which  are  directly  con- 
nected to  consumption  circuits,  should  have  a  testing  voltage  of  10,000 
volts,  to  be  applied  between  the  primary  and  secondary  windings,  and 
also  between  the  primarv  winding  and  the  core. 

Exception. — ^Pield  Windings.  The  tests  for  field  windings  should  be 
based  on  the  rated  voltage  of  the  exciter  and  the  rated  output  of  the 
machine  of  which  the  cofls  are  a  part.  Field  windings  of  synchronous 
motors  and  converters,  which  are  to  be  started  by  applying  alternating 
current  to  the  armature  when  the  field  is  not  excited  and  a  high  voltage 
is  induced  in  the  field  windings,  should  be  tested  at  6,000  volts. 

Rated  Terminal  Voltage. — Definition.  The  rated  terminal  voltage 
of  circuit  in  the  above  table,  means  the  voltage  between  the  conductors 
of  the  circuit  to  which  the  apjjaratus  to  be  tested  is  to  be  connected, — for 
instance,  in  three-phase  circuits  the  delta  voltage  should  be  taken.  In 
the  following  specific  cases,  the  rated  terminal  volta|[e  of  the  circuit  is 
to  be  determined  as  specified  in  ascertaining  the  testing  voltage: 

(a)  Transformers.  The  test  of  the  insulation  between  the  primary  and 
secondary  windings  of  transformers,  is  to  be  the  same  as  that  between 
the  high-voltage  windings  and  core,  and  both  tests  should  be  made  simul- 
taneously by  connecting  the  low-tension  winding  and  core  together  durine 
the  test.  If  a  voltage  equal  to  the  specified  testing  voltage  be  induced 
in  the  high-tension  winding  of  a  transformer  it  may  be  used  for  insulation 
tests  instead  of  an  independently  induced  voltage.  These  tests  should  be 
made  first  with  one  end  and  then  with  the  other  end  of  the  high-tension 
winding  connected  to  the  low-tension  winding  and  to  the  core. 
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226  (6)  CoNSTANT-CuRRBNT  APPARATUS.  The  testing  voltage  is  to  be 
based  upon  a  rated  terminal  voltage  equal  to  the  maximum  voltage  which 
may  exist  at  open  or  closed  circuit. 

226  (c)  Apparatus  in  Series.  For  tests  of  machines  or  apparatus  to  be 
operated  in  series,  so  as  to  employ  the  sum  of  their  separate  voltages  the 
testing  voltage  is  to  be  based  u}X)n  a  rated  terminal  voltage  equal  to  the 
sum  of  the  sei>arate  voltages  except  where  the  frames  of  the  machines 
are  separately  insulated,  both  from  the  ground  and  from  each  other,  in 
which  case  the  test  for  insulation  between  machines  should  be  based  upon 
the  voltage  of  one  machine,  and  the  test  between  each  machine  and  ground 
to  be  ba^  upon  the  total  voltage  of  the  series. 

(B)    Methods  op  Testing. 

227  Classes  op  Tests.  Tests  for  dielectric  strength  cover  such  a  wide 
range  in  voltage  that  the  apparatus,  methods  and  precautions  which  are 
essential  in  certain  cases  do  not  apply  to  others.  For  convenience,  the 
tests  will  be  separated  into  two  classes: 

228  Class  1.  This  class  includes  all  apparatus  for  which  the  test  voltage 
deos  not  exceed  10  kilo  volts,  unless  the  apparatus  is  of  very  large  static 
capacity,  e.g.,  a  large  cable  system.  This  class  also  includes  all  apparatus 
of  small  static  capacity,  such  as  line  insulators,  switches  and  the  like,  for 
all  test  voltages. 

229  Method  op  Test  por  Class  1.  The  test  voltage  is  to  be  continuously 
applied  for  the  prescribed  interval, — (one  minute  unless  otherwise  speci- 
fied). The  test  voltage  may  be  taken  from  a  constant-potential  source 
and  applied  directly  to  the  apparatus  to  be  tested,  or  it  may  be  raised 
gradually  as  specified  for  tests  under  Class  2. 

290      Class  2.    This  class  includes  all  apparatus  not  included  in  Class  1. 

231  Method  op  Test  por  Class  2.  The  test  voltage  is  to  be  raised  to  the  re- 
quired value  smoothly  and  without  sudden  lar6[e  increments  and  is  then 
to  be  continuously  applied  for  the  prescribea  interval, — (one  minute, 
unless  otherwise  specified),  and  then  gradually  decreased. 

232  Conditions  and  Precautions  por  Class  1  and  Class  2.  The  follow- 
ing apply  to  all  tests: 

233  The  Wave  Shape  should  be  approximately  sinusoidal  and  the  apparatus 
in  the  testing  circuits  should  not  materially  distort  this  wave. 

234  The  Supply  Circuit  should  have  ample  current-supply  capacity  so  that 
the  charging  current  which  may  be  taken  by  the  apparatus  under  test 
will  not  materially  alter  the  wave  form  not  materially  affect  the  test  volt- 
age.    The  circuit  should  be  free  from  accidental  interruptions. 

236  Resistance  or  Inductance  in  series  with  the  primary  of  a  raising 
transformer  for  the  purpose  of  controlling  its  voltage  is  liable  seriously 
to  affect  the  wave  form,  thereby  causing  the  maximum  value  of  the  volt- 
age to  bear  a  different  and  unknown  ratio  to  the  root  mean  square  value. 
This  method  of  voltage  adjustment  is,  therefore,  in  general,  undesirable. 
It  may  be  noted  that  if  a  resistance  or  inductance  is  employed  to  limit 
the  current  when  burning  out  a  fault,  such  resistance  or  inductance  should 
be  short  circuited  during  the  regular  voltage  test. 

236  The  Insulation  under  test  should  be  in  normal  condition  as  to  dry- 
ness and  the  temperature  should  when  possible  be  that  reached  in  normal 
service. 

237  Additional  Conditions  and  Precautions  por  Class  2.  The  following 
conditions  and  precautions,  in  addition  to  the  foregoing,  apply  to  tests 
of  apparatus  included  in  Class  2. 

238  Sudden  Increment  op  Testing  Voltage  on  the  apparatus  under  test 
should  be  avoided,  particularly  at  high  voltages  and  with  apparatus  having 
considerable  capacity,  as  a  momentarily  excessive  rise  in  testing  voltage 
will  result. 

239  Sudden  Variations  in  Testing  Voltage  of  the  circuit  supplying  the 
voltage  during  the  test  should  be  avoided  as  they  are  likely  to  set  up 
injurious  oscillation. 

240  Good  Connections  in  the  circuits  supplying  the  test  voltage  are  es- 
sential in  order  to  prevent  injurious  high  frequency  disturbances  from 
being  set  up.     When  a  heavy  current  is  carried  by  a  small  water  rheostat9 
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arcing  may  occur,  causing  high-frequency  disturbances  which  ^ould  be 
carefully  avoided. 

Ml  Transformer  Coils.  In  high-tension  transformers,  the  low-tension 
coil  should  preferably  be  connected  to  the  core  and  to  the  ground  when 
the  high-tension  test  is  being  made,  in  order  to  avoid  the  stress  from 
low-tension  to  core,  which  would  otherwise  result  through  condenser 
action.  The  various  terminals  of  each  winding  of  the  high-tension  trans- 
former under  test  should  be  connected  together  during  the  test  in  order 
to  prevent  undue  stress  on  the  insulation  between  turns  or  sections  of  the 
winding  in  case  the  high-voltage  test  causes  a  break-down. 

(Q    Mbthods  for  Measuring  the  Test  Voltage. 

242  For  Measuring  the  Test  Voltage,  two  instruments  are  in  common 
use,  (1)  the  spark  gap  and  (2)  the  voltmeter. 

243  1 .  The  Spark  Gap  is  ordinarily  adjusted  so  that  it  will  break  down  with  a 
certain  predetermined  voltage,  and  is  connected  in  parallel  with  the  in- 
sulation under  test.  It  ensures  that  the  voltage  appued  to  the  insulation 
is  not  greater  than  the  break-down  voltage  of  the  spark  gap.  A  given 
setting  of  the  spark  gap  is  a  measure  of  one  definite  voltage,  and,  as  its 
operation  depends  upon  the  maximum  value  of  the  voltage  wave,  it  is 
independent  of  wave  form  and  is  a  limit  on  the  maximum  stress  to  which 
the  msulation  is  subjected.  The  spark  gap  is  not  conveniently  adapted 
for  comparatively  low  voltages. 

244  In  Spark-Gap  Measurements,  the  spark  gap  may  be  set  for  the  re* 
quired  voltage  and  the  auxiliarv  apparatus  adjusted  to  give  a  voltage  at 
which  this  spark  gap  just  breaks  down.  The  spark  gap  should  then  be 
adjusted  for,  say,  10  per  cent,  higher  voltage,  and  the  auxiliary  apparatus 
again  adjusted  to  give  the  voltage  of  the  former  breakdown,  which  is  to 
be  the  asstuned  voltage  for  the  test.  This  voltage  is  to  be  maintained 
for  the  required  interval. 

246  The  Spark  Points  should  consist  of  new  sewing  needles,  supported 
axially  at  the  ends  of  linear  conductors  which  are  each  at  least  twice  the 
lenfi;th  of  the  gap.  There  should  be  no  extraneous  body  near  the  gap 
within  a  radius  of  twice  its  length.  A  table  of  approximate  striking  dis- 
tances is  given  in  Appendix  D.  This  table  should  be  used  in  connection 
with  tests  made  by  the  spark-gap  methods. 

246  A  Non-Inductive  Resistance>  of  about  one-half  ohm  per  volt  should  be 
inserted  in  series  with  each  terminal  of  the  gap  so  as  to  keep  the  discharge 
current  between  the  limits  of  one-quarter  ampere  and  2  amperes.  The  pur- 
pose of  the  resistance  is  to  limit  the  current  in  order  to  prevent  the  surges 
which  might  otherwise  occur  at  the  time  of  break-down. 

247  2.  The  Voltmeter  gives  a  direct  reading,  and  the  different  values  of  the 
voltage  can  be  read  during  the  application  and  duration  of  the  test.  It  is 
suitable  for  all  voltages,  and  does  not  introduce  disturbances  into  the  test 
circuit. 

248  In  Voltmeter  Measurements,  the  voltmeter  should,  in  general,  derive 
its  voltage  from  the  hieh-tension  testing  circuit  either  directly  or  through 
an  auxiliary  ratio  transformer.  It  is  permissible,  however,  to  measure  the 
voltage  at  other  places, — ^for  example,  on  the  primary  of  the  transformer, 
provided  the  ratio  of  transformation  does  not  materially  vary  during  the 
test;  or  that  proper  account  is  taken  thereof. 

249  Spark  Gap  and  Voltmeter.  The  spark  gap  may  be  employed  as  a. 
check  upon  the  voltmeter  used  in  high-tension  tests  in  order  to  determine 
the  transformation  ratio  of  the  transformer,  the  variation  from  the  sine 
wave  form  and  the  like.  It  is  also  useful  in  conjunction  with  voltmeter 
measurements  to  limit  the  stress  applied  to  the  insulating  material. 

(D)    Apparatus  por  Supplying  T^t  Voltaob. 

260  The  Generator  or  Circuit  supplying  voltage  for  the  test  should 
have  ample  current  carrying  capacity,  so  that  the  current  which  may 
be  taken  for  charging  the  apparatus  to  be  tested  will  not  materially  alter 
the  wave  form  nor  otherwise  materially  change  the  voltage. 

The  Testing  Transformer  should  be  such  that  its  ratio  of  trans- 
formation does  not  vary  more  than  10  per  cent,  when  delivering  the  chax;g- 
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ing  cttnent  required  by  the  apparatus  under  test.  (This  may  be  deter- 
mined by  short-circuitmg  the  secondary  or  high  voltage  winding  testing 
transformer  and  supplying  1/10  of  the  primary  voltage  to  the  primary 
under  this  condition.  The  primary  current  that  flows  under  this  condition 
is  the  maximum  which  should  be  permitted  in  regular  dielectric  tests.) 
851  The  Voltage  Control  may  be  secured  in  either  of  several  ways,  which« 
in  order  of  preference,  are  as  follows: 

262  1.  By  generator  field  circuit. 

263  2.  By  magnetic  commutation. 

264  3.  By  change  in  transformer  ratio. 
256      4.  By  resistance  or  choke  coils. 

256  In  Generator  Voltage  Control,  the  voltage  of  the  generator  should 
preferably  be  about  its  approximate  normal  rated-load  value  when  the 
full  testing  voltage  is  attamed,  which  requires  that  the  ratio  of  the  raising 
transformer  be  such  that  the  full  testing  voltage  is  reached  when  the  gen* 
erator  voltage  is  normal.  This  avoids  the  instability  in  the  generator 
which  may  occur  if  a  considerable  leading  current  is  taken  from  it 
when  it  has  low  voltage  and  low  field  current. 

257  In  Magnetic  Commutation,  the  control  is  effected  by  shunting  the  mag- 
netic flux  through  a  secondary  coil  so  as  to  vary  the  induction  througk 
the  coil  and  the  voltage  induced  in  it.  The  shunting  should  be  effected 
smoothly,  thus  avoiding  sudden  changes  in  the  induced  voltage. 

In  Transformer  Voltage  Control,  by  change  of  ratio,  it  is  necea* 
sary  that  the  transition  from  one  step  to  another  be  made  without  inter* 
ruption  of  the  test  voltage,  and  by  steps  sufficiently  small  to  prevent 
surges  in  the  testing  circuit.  The  necessity  of  this  precaution  is  greater 
as  the  inductance  or  the  static  capacity  oi  the  apx>aratus  in  the  testing 
circuit  under  test  is  greater.  ^ 

When  Resistance  Coils  or  Reactors  are  used  for  voltage  control,  it 
is  desirable  that  the  testing  voltage  should  be  secured  when  the  controlling 
resistance  or  reactance  is  very  nearly  or  entirel^r  out  of  circuit  in  order 
that  the  disturbing  effect  upon  the  wave  form  which  results  may  be  negli- 
gible at  the  highest  voltage. 

P.    CONDUCTIVITY. 

260  Copper.  The  conductivity  of  coi>per  in  electric  wires  and  cables  should 
not  be  less  than  98%  of  Matthiessen  s  standard  of  conductivity,  as  defined 
in  the  Copper  Wire  Table  of  the  American  Institute  op  Electrical 
Engineers. 

G.    RISE  OP  TEMPERATURE. 

(I)    MEASUREMENT  OF  TEMPERATURE. 
(A)    Methods. 

261  There  are  two  methods  in  common  use  for  determining  the  rise  in  tem- 
perature, viz.:  (1)  by  thermometer,  and  (2)  by  increase  in  resistance  of 
an  electric  circuit. 

262  1.  By  Thermometer.  The  following  precautions  should  be  observed 
in  the  use  of  thermometers; 

263  a.  Protection.  The  thermometers  indicating  the  room  temperature 
should  be  protected  from  thermal  radiation  emitted  by  heated  bodies,  or 
from  draughts  of  air  or  from  temporary  fluctuations  of  temperature. 
Several  room  thermometers  should  be  used.  In  using  the  thermometer 
by  applying  it  to  a  heated  part,  care  should  be  taken  S'  to  protect  its  bulb 
as  to  prevent  radiation  from  it,  and,  at  the  same  time,  not  to  interfere 
seriously  with  the  normal  radiation  from  the  part  to  which  it  is  applied. 

264  6.  Bulb.  When  a  thermometer  is  applied  to  the  ftee  suilface  of  a  ma* 
chine,  it  is  desirable  that  the  bulb  of  the  thermometer  should  be  covered 
by  a  |>ad  of  definite  area.  A  convenient  pad  may  be  formed  of  cotton 
waste  in  a  shallow  circular  box  about  one  and  a  half  inches  in  diameter, 
through  a  slot  in  the  side  in  which  the  thermometer  bulb  is  inserted.  An 
unduljr  large  pad  over  the  thermometer  tends  to  interfere  with  the  natural 
liberation  of  neat  from  the  surface  to  which  the  thexmometer  is  applied. 
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2.  By  Ikcrbasb  in  Resistance.  The  resistance  may  be  measured  either 
by  Wheatstone  bridge,  or  by  drop-of  potential  method.  A  temperature 
coefficient  of  0.42  per  cent,  per  degree  C,  from  and  at  0^  C,  may  be  assumed 
for  copper. 

The  temperature-coefficients  from  and  at  each  degree  cent,  between 
0®  C.  and  50*^  C.  are  given  in  Appendix  £.  The  temperature  rise  may  be 
determined  either  (1;  by  dividing  the  percentage  increase  of  initial  re- 
sistance by  the  temperature-coefficient  for  the  initial  temperature  ex- 
pressed in  per  cent.;  or  (2)  by  multiplying  the  increase  in  per  cent,  of  the 
mitial  resistance  by  238.1  plus  the  mitial  temperature  in  degrees  C,  and 
then  dividing  the  product  oy  100. 
286  3.  Comparison  of  Methods.  In  electrical  conductors,  the  rise  of  tem- 
perature should  be  determined  by  their  increase  of  resistance  where  prac- 
ticable. Temperature  elevations  measured  in  this  way  are  usually  in  ex- 
cess of  temperature  elevations  measured  by  thermometers.  In  very  low 
resistance  circuits,  thermometer  measurements  are  frequently  more  reli- 
able than  measurements  by  the  resistance  method.  Where  a  thermometer 
applied  to  a  coil  or  winding,  indicates  a  higher  temperature  elevation 
than  that  shown  by  resistance  measurement,  the  thermometer  indication 
should  be  accepted. 

(B)    Normal  Conditions  for  Tests. 

887  1.  Duration  of  Tests.  The  temperature  should  be  measured  after  a  run 
of  sufficient  duration  for  the  apparatus  to  reach  a  practically  constant  tem- 
perature. This  is  usually  from  6  to  18  hours,  according  to  the  size  and 
construction  of  the  apparatus.  It  is  permissible,  however,  to  shorten  the 
time  of  the  test  by  running  a  lesser  time  on  an  overload  in  current  and 
voltage,  then  reducing  the  load  to  normal,  and  maintaining  it  thus  until 
the  temperature  has  become  constant. 

S68  2.  Room  Temperature.  The  rise  of  temperature  should  be  referred  to 
the  standard  condition  of  a  room  temperature  of  25®  C. 

868  Temperature  Correction.  If  the  room  temperature  during  the  test 
differs  from  25*^  C,  correction  on  account  of  difference  in  resistance  should 
be  made  by  changinethe  observed  rise  of  temperature  by  one-half  per  cent, 
for  each  degree  C.  Thus  with  a  room  temperature  of  35®  C.  the  observed 
rise  of  temperature  has  to  be  decreased  by  5  per  cent.,  and  with  a  room 
temperature  of  15®  C,  the  observed  rise  of  temperature  has  to  be  increased 
by  5  per  cent.  In  certain  cases,  such  as  shunt-field  circuits  without 
rheostat,  the  current  strength  wi!l  be  changed  by  a  chancre  of  room  tem- 
perature. The  heat-production  and  dissipation  may  be  thereby  affected. 
Correction  for  this  should  be  made  by  changing  the  observed  nse  in  tem- 
perature in  proportion  as  the  P  R  loss  in  the  resistance  of  the  apparatus 
is  altered  owing  to  the  difference  in  room  temperature. 

270  3.  Barometric  Pressure.  Ventilation.  A  barometric  pressure  of  760 
mm.  and  normal  conditions  of  ventilation  should  be  considered  as  stand- 
ard, and  the  apparatus  under  test  should  neither  be  exposed  to  draught 
nor  enclosed,  except  where  expressly  specified.  The  barometric  pressure 
needs  to  be  considered  only  when  differing  greatly  from  760  mm. 

871  Barometric  Pressure  Correction.  When  the  barometric  pressure 
differs  greatly  from  the  standard  pressure  of  760  mm.  of  mercury,  as  at 
high  altitudes,  a  correction  should  be  applied.  In  the  absence  of  more 
accurate  data,  a  correction  of  1%  of  the  observed  rise  in  temperature  for 
each  10  mm.  deviation  from  the  760  m.m.  standard  is  recommended.  For 
example  at  a  barometric  pressure  of  680  mm.  the  observed  rise  of  tempera- 

780—680 
ture  is  to  be  reduced  by jg —  •-  8% 

(II)    LIMITING  TEMPERATURE  RISE. 

872  General.  The  temperature  of  electrical  machinery  under  regular  service 
conditions,  should  never  be  allowed  to  remain  at  a  point  at  which  per- 
manent deterioration  of  its  insulating  material  takes  place. 

973      Limits  Recommended,  It  is  ]»commeaded  that  the  following  maximum 
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values  of  temperature  elevation,  referred  to  a  standard  room  temperature 
of  25  degrees  centigrade,  at  rated  load  under  normal  conditions  of  ven- 
tilation or  cooling,  snould  not  be  exceeded. 
(A)    Machines  in  General. 

274  In  commutating  machines,  rectifjring  machines,  pulsating-current  gen- 
erators, synchronous  machines,  S3nichronous  commutating  machines  and 
unipolar  machines,  the  temperature  rise  in  the  parts  specified  should  not 
exceed  the  following: 

276      Field  and  armature,  60^  C. 

276  Commutator  and  brushes,  by  thermometer,  55^  C. 

277  Collector  rings,  65**  C. 

278  Bearings  and  other  parts  of  machine,  by  thermometer,  40®  C. 

279  (B)  Rotary  Induction  Apparatus.  The  temperature  rise  should  not 
exceed  the  following:  , 

280  Electric  circuits,  60°  C,  by  resistance. 

281  Bearings  and  other  parts  of  the  machine  40®  C,  by  thermometer. 

282  In  squirrel-cage  or  short-circuited  armatures,  55®  C,  by  thermometer, 
may  be  allowed. 

(Q     Stationary  Induction  Apparatus. 

283  a.  Transformers  for  Continuous  Service.  The  temperature  rise 
should  not  exceed  50  degrees  centigrade  in  electric  circuits,  by  resistance; 
and  in  other  parts,  by  thermometer. 

284  b.  Transformers  for  Intermittent  Service.  In  the  case  of  trans- 
formers intended  for  intermittent  service,  or  not  operating  continuously 
at  rated  load,  but  continuously  in  circuit,  as  in  the  ordinary  case  of  lighting 
transformers,  the  temperature  elevation  above  the  surrounding  air-tem- 
perature should  not  exceed  50®  C,  by  resistance  in  electric  circuits  and 
ty  thermometer  in  other  parts,  after  the  period  corresponding  to  the 
term  of  rated  loacj.  In  this  instance,  the  test  load  should  not  be  applied 
until  the  transformer  has  been  in  circuit  for  a  sufficient  time  to  attain 
the  temperature  elevation  due  to  core  loss.  With  transformers  for  com- 
mercial lighting,  the  duration  of  the  rated-load  test  may  be  taken  as  three 
hours,  unless  otherwise  specified. 

285  c.  Reactors,  induction-  and  magneto-regulators — electric  circuits  by 
resistance  and  other  parts  by  thermometer,  50®  C. 

286  a.  Large  Apparatus.  Large  generators,  motors,  transformers,  or  other 
apparatus  in  which  reliability  and  reserve  overload  capacity  are  important, 
are  frequently  specified  not  to  rise  in  temperature  more  than  40  degrees 
centigrade  under  rated  load  and  55  degrees  centigrade  at  rated  overload. 
It  is,  however,  ordinarily  undesirable  to  specify  lower  temperature  eleva 
tions  than  40  degrees  centigrade  at  rated  load,  measured  as  above. 
(D)     Rheostats. 

287  In  Rheostats,  Heaters  and  other  electrothermal  apparatus,  no  com- 
bustible or  inflammable  part  or  material,  or  portion  liable  to  come  in 
contact  with  such  material,  should  rise  more  than  rO"*  C.  above  t  sur- 
rounding air  under  the  service  conditions  for  which  it  is  designed. 

288  a.  Parts  of  Rheostats.  Parts  of  rheostats  and  similar  apparatus  rising 
in  temperature,  under  the  specified  service  conditions,  more  than  50®  C, 
should  not  contain  any  combustible  material,  and  should  be  arranged  oi 
installed  in  such  a  manner  that  neither  they,  nor  the  hot  air  issuing  from 
them,  can  come  in  contact  with  combustible  material. 

{E)    Limits  Recommended  in  Special  Cases. 

289  a.  Heat  Resisting  Insulation.  With  apparatus  in  which  the  insu- 
lating materials  have  special  heat-resisting  qualities,  a  higher  temperature 
elevation  is  permissible. 

290  b.  High  Air  Temperature.  In  apparatus  intended  for  service  in  places 
of  abnormally  high  temperature,  a  lower  temperature  elevation  should  be 
specified. 

291  c.  Apparatus  Subject  to  Overload.  In  apparatus  which  by  the  nature 
of  its  service  may  be  exposed  to  overload,  or  is  to  be  used  in  very 
high  yoltage  circuits,  a  smaller  rise  of  temperature  is  desirable  than 
in  apparatus  not  liable  to  overloads  or  in  low- volt  age  apparatus.  In 
apparatus  built  for  conditions  of  limited  space,  as  railway  motors,  a  higher 
nse  of  temperature  must  be  allowed. 
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292  d.  Apparatus  for  Intermittent  SaRviCB.  In  the  case  of  apparatus 
intended  for  intennittent  service,  except  railway  motors,  the  temperature 
elevation  which  is  attained  at  the  end  of  the  period  correspondinjj  to  the 
term  of  rated  load,  should  not  exceed  the  values  specified  fo'*  machines 
in  general.  In  such  apparatus  the  temperature  elevation,  including  rail- 
way motors,  should  be  measured  after  operation,  under  as  nearly  as  pos- 
sible the  conditions  of  service  for  which  the  apparatus  is  intended,  and 
the  conditions  of  the  test  should  be  specified. 

H.     OVERLOAD  CAPACITIES. 

898  Pbrpormancb  with  Overload.  All  apparatus  should  be  able  to  carry 
the  overload  hereinafter  specified  without  serious  injury  by  heating,  spark- 
ing, mechanical  weakness,  etc.,  and  with  an  additional  temperature  rise 
not  exceeding  15°  C,  above  those  specified  for  rated  loads,  the  overload 
being  applied  after  the  apparatus  has  acc^uired  the  temperature  corre- 
sponding to  rated  load  continuous  operation.  Rheostats  to  which  no 
temperature  rise  limits  are  attached  are  naturally  exempt  from  this  addi- 
tional temperature  rise  of  15°  C.  under  overload  specified  in  these  rules. 

294  Normal  Conditions.  Overload  guarantees  should  refer  to  normal  con- 
ditions of  operation  regarding  sfjeed,  frequency,  voltage,  etc.,  and  to  non- 
inductive  conditions  in  alternating  apparatus,  except  where  a  phase  dis- 
placement is  inherent  in  the  apparatus. 

296  Overload  Capacities  Recommended.  The  following  overload  capaci« 
ties  are  recommended: 

296  a.  Generators.  Direct-current  generators  and  alternating-current 
generators,  26  per  cent,  for  two  hours. 

297  b.  Motors.  Direct-current  motors,  induction  motors  atid  synchronous 
motors,  not  including  Jailway  and  other  motors  intended  for  intermittent 
service,  26  per  cent,  for  two  hours,  and  50  per  cent/  for  one  minute. 

298  c.  Converters.  Synchronous  converters,  25  per  cent,  for  two  hours, 
60  per  cent,  tor  one-half  hour. 

299  a.  Transformers  AND  Rectifiers.  Constant-potential  transformers  and 
rectifiers,  26  per  cent,  for  two  hours;  except  in  transformers  connected  to 
apparatus  for  which  a  different  overload  is  guaranteed,  in  which  case  the 
same  guarantees  shall  apply  for  the  transformers  as  for  the  apparatus 
connected  thereto. 

800  e.  Exciters.  Exciters  of  alternators  and  other  synchronous  machines, 
10  per  oent.  more  overload  than  is  required  for  the  excitation  of  the  svn- 
chronous  machine  at  its  guaranteed  overload,  and  for  the  same  period  of 
time.  All  exciters  of  alternating-current,  single-phase  or  polyphase  gen- 
erators should  be  able  to  give  at  its  rated  speed,  sufficient  voltage  and 
current  to  excite  the  alternator,  at  the  rated  speed,  to  the  full-load  ter- 
minal voltage,  at  the  rated  output  in  kilovolt-amperes  and  with  50  per 
cent,  power  factor. 

301  /.  A  Continuous-Service  Rheostat,  such  as  an  armature-  or  field- 
regulating  rheostat,  should  be  capable  of  carrying  without  injury  for  two 
hours,  a  current  25  per  cent,  greater  than  that  at  which  it  is  rated.  It 
should  also  be  capable  of  carrying  for  one  minute  a  current  50  per  cent, 
greater  than  its  rated  load  current,  without  injury.  This  excess  of  ca- 
pacity is  intended  for  testing  purposes  only,  and  this  margin  of  capacity 
should  not  be  relied  upon  in  the  selection  of  the  rheostat. 

802  g.  An  Intermittent  Service  or  Motor-starting  Rheostat  is  used  for 
starting  a  motor  from  rest  and  accelerating  it  to  rated  ^  speed.  Under 
ordinary  conditions  of  service,  and  unless  expressly  stated  otherwise,  a 
motor  is  assumed  to  start  in  fifteen  seconds  and  with  150%  of  rated  cur- 
rent strength.  A  motor-starter  should  be  capable  of  starting  the  motor 
under  these  conditions  once  every  four  minutes  for  one  hour. 

803  (a)  This  Test  tnsiy  be  carried  out  either  by  starting  the  motor  at  four- 
minute  intervals,  or  by  placing  the  starter  at  normal  temperature  across 
the  maximum  voltage  for  which  it  is  marked,  and  moving  the  lever  uni- 
formly and  gradually  from  the  first  to  the  last  position  during*a  period 
of  fifteen  seconds,  the  current  being  maintained  substantially  constant 
at  said  60%  excess  by  introducing  resistance  in  series  or  by  otlier  suitable 
means. 
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804  (b)  Otrbr  Rhbostats  for  Intbrmittbnt-Sbrvicb  are  employed  under* 
such  special  and  varied  conditions,  that  no  general  rules  are  applicable  to 
them. 

nL   VOLTAGES  Aim  FREQUENCIES. 

A.    VOLTAGES. 

806  DiRBCT-CuRRBNT  Gbnbrators.  In  direct-current,  low- voltage  gener- 
ators,  the  following  average  terminal  voltages  are  in  general  use  and  are 
recommended: 

125  volts.  250  vohs.  550  to  600  volts. 

806  Low- Voltage  Circuits.  In  direct-current  and  alternating-current  low- 
voltage  circuits,  the  following  average  terminal  voltages  are  m  general  use 
and  are  recommended: 

110  volts.  220  volts. 

807  Primary  Distribution  Circuits.  In  alternating-current,  constant- 
potential,  primary-distribution  circuits,  an  average  voltage  of  2,200  volts, 
with  step-down  transformer  ratios  1/10  and  1/20,  is  in  general  use,  and  is 
recommended. 

808  Transmission  Circuits.  In  alternating-current  constant-potential 
transmission  circuits,  the  following  average  voltages  are  recommended. 

6,600  11,000        22,000       33,000        44,000        66,000      88,000 

809  Transformer  Ratio.  It  is  recommended  that  the  standard  transformer 
ratios  should  be  such  as  to  transform  between  the  standard  voltages  above 
named.  The  ratio  will,  therefore,  usually  be  an  exact  multiple  of  5  or 
10,  *.  S',  2,200  to  11,000;  2,200  to  44,000. 

810  Rangb  in  Voltage.  In  alternating-current  generators,  or  generating 
systems,  a  range  of  terminal  voltage  should  be  provided  from  rated  voltage 
at  no  load  to  10  per  cent,  in  excess  thereof,  to  cover  drop  in  transmission. 
If  a  greater  range  than  ten  per  cent,  is  specified,  the  generator  should  be 
considered  as  special. 

B.    FREQUENCIES. 

811  In  Alternating-Currbnt  Circuits,  the  following  frequencies  aie« 
standard: 

25^^  60'^ 

812  These  frequencies  are  already  in  extensive  use  and  it  is  deemed  ad- 
•   visable  to  adhere  to  them  as  closely  as  possible. 

IV.    GENERAL     RECOMMENDATIONS. 

818  Namb  Platbs.  All  electrical  apparatus  should  be  provided  with  a  name 
plate  giving  the  manufacturer's  name,  the  voltage  and  the  current  in 
amperes  for  which  it  is  designed.  Where  practicable,  the  kilowatt  capacity, 
character  of  current,  bpeed.  frequency,  type,  designation  ana  serial 
number  should  be  added. 

814  Diagrams  op  Connbctions.  All  electrical  apparatus  when  leaving  the 
factory  should  be  accompanied  by  a  diagram  showing  the  electrical 
connections  and  the  relation  of  the  different  parts  in  sufficient  detail 
to  give  the  necessary  information  for  proper  installation. 

816  Rheostat  Data.  Every  rheostat  should  be  clearly  and  permanentlv 
marked  with  the  voltage  and  amperes,  or  range  of  amperes,  for  whicn 
it  is  designed. 

816  CoLORBD  Indicating  Lights.  When  using  colored  indicating  lights 
on  switch-boards,  red  should  denote  danger  such  as  '*  switch  closed,'* 
or  "  circuit  alive  ";  green  should  denote  safety,  such  as  '*  switch  open,'^ 
or  '*  circuit  dead." 
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817  When  white  lights  are  used  a  light  turned  on  should  denote  danger, 
such  as  "  switch  closed  "  or  **  circuit  alive  •-;  while  the  light  out  should 
denote  safety,  such  as  "  switch  open,"  or  "  circuit  de^.''  Low-effi- 
ciency lamps  should  be  used. 

818  The  use  of  colored  lights  is  recommended,  as  safer  than  white  lights. 

819  Grounding  Mbtal  Work.  It  is  desirable  that  ail  metal  work  near 
high  potential  circuits  be  grounded. 

820  Circuit  Opening  Dbvicbs.     The  following  definitions  are  recommended. 

821  ,a,  A  Circuit-Brbakbr  is  an  apparatus  for  breaking  a  circuit  at  the 
highest  current  which  it  may  be  called  upon  to  carry. 

822  0.  A  DiscoNNBCTiNO  Switch  is  an  apparatus  designed  to  open  a  circuit 
only  when  carrying  little  or  no  current. 

823  c.  An  Automatic  Circuit-Brbaker  is  an  apparatus  for  breaking  a  cir- 
cuit automatically  tmder  an  excessive  strength  of  current.  It  should  be 
capable  of  breaking  the  circuit  repeatedly  at  rated  voltage  and  at  the 
maximum  current  which  it  may  be  called  upon  to  carry. 
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V.    APPENDICES  AITD  TABXTLAR  DATA. 

APPENDIX  A.     NOTATION. 

The  following  notation  is  recommended : 
Et  ft  voltage,  e.m.f.,  potential  difference 
/,  i,  current 


P,  power 

^,  magnetic  flux 

(&,  B,  magnetic  density 

K,  r,  resistance 

X,  reactance 

Z,  2,  impedance 

L,  /,  inductance 

C,  c,  capacity 

y,  y,  admittance 

b,  susceptance 

G,  g,  conductance 

Vector  quantities  when  used  should  be  denoted  by  capital   italics. 

APPENDIX  B.— RAILWAY  MOTORS. 
(I)  RATING. 
826  Introductory  Notb  on  Rating.  Railway  motors  usually  operate  m 
a  service  in  which  both  the  speed  and  the  torque  developed  by  the  motor 
are  varying  almost  continually.  The  average  requirements,  however, 
during  successive  hours  in  a  given  class  of  service  are  fairly  uniform.  On 
account  of  the  wide  variation  of  the  instantaneous  loads,  it  is  impracticable 
to  assign  any  simple  and  definite  rating  to  a  motor  which  will  indicate 
accurately  the  absolute  capacit;y  of  a  given  motor  or  the  relative  capacity 
of  different  motors  under  service  conditions.  It  is  also  impracticable  to 
select  a  motor  for  a  particular  service  without  much  fuller  data  with  regard 
both  to  the  motor  and  to  the  service  than  is  required,  for  example,  in  the 
case  of  stationary  motors  which  run  at  constant  speeds. 

826  Scope  op  Nominal  Rating.  It  is  common  usage  to  give  railway  motors 
a  nominal  rating  in  horse  power  on  the  basis  of  a  one-hour  test.  As  above 
explained,  a  simple  rating  of  this  kind  is  not  a  proper  measure  of  service 
capacity.  This  nominal  rating,  however,  indicates  approximately  the 
maximum  output  which  the  motor  should  ordinariljr  be  called  upon  to 
develop  during  acceleration.  Methods  of  determining  the  continuous 
capacity  of  a  railway  motor  for  service  requirements  are  given  under  a 
subsequent  heading. 

827  The  Nominal  Rating  of  a  railway  motor  is  the  horse-power  output  at 
the  car-axle,  that  is,  including  gear  and  other  transmisrion  losses,  which 
gives  a  rise  of  temperature  alK>ve  the  surrounding  air  (referred  to  a  tooca 
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temr)crature  of  25  degrees  cent.)  not  exceeding  90  degrees  cent,  at  the 
commutator  and  75  degrees  Cent,  at  any  other  part  after  one  hour's  con- 
tinuous run  at  its  rat^  voltage  (and  frequency,  in  the  case  of  an  alter- 
nating-current motor)  on  a  stand,  with  the  motor-covers  removed,  and 
with  natural  ventilation.  The  rise  in  temperature  is  to  be  determined 
by  thermometer,  but  the  resistance  of  no  electrical  circuit  in  the  motor 
shall  increase  more  than  40%  during  the  test. 

ai)     SELECTION  OF  MOTOR  FOR  SPECIFIED  SERVICE. 

328  General  Requirements.  The  suitability  of  a  railway  motor  for  a  speci- 
fied service  depends  upon  the  following  considerations: 

329  a.  Mechanical  ability  to  develop  the  requisite  torque  and  speeds  as 
given  by  its  speed-torque  curve. 

330  b.  Ability  to  commutate  successfullv  the  current  demanded. 

331  c.  Ability  to  operate  in  service  without  occasioning  a  temperature  rise 
in  any  part  which  will  endanger  the  life  of  the  insulation. 

332  Operating  Conditions,  Typical  Run.  The  operating  conditions  which 
are  important  in  the  selection  of  a  motor  include  the  weight  of  load,  the 
schedule  speed,  the  distance  between  stops,  the  duration  of  stops,  the  rate 
of  acceleration  and  of  braking  retardation,  the  grades  and  the  curves. 
With  these  data  at  hand,  the  outputs  which  are  required  of  the  motor  may 
be  determined,  provided  the  service  requirements  are  within  the  limits  of 
the  speed-torque  curve  of  the  motor.  These  outputs  may  be  expressed 
in  the  form  of  curves  giving  the  instantaneous  values  of  current  and  of 
voltage  which  must  be  appued  to  the  motor.  Such  curves  may  be  laid 
out  for  the  entire  line,  but  they  are  usually  constructed  only  for  a  certain 
average  or  typical  run,  which  is  fairly  representative  of  the  conditions  of 
service.  To  determine  whether  the  motor  has  sufficient  capacity  to  per- 
form the  service  safely,  further  tests  or  investigations  must  be  made. 

333  Capacity  Test  op  Railway  Motor  in  Service.  The  capacity  of  a 
railway  motor  to  deliver  the  necessary  output  mav  be  determined  by 
measurement  of  its  temperature  after  it  has  reachea  a  maximum  in  ser- 
vice. If  a  running  test  cannot  be  made  under  the  actual  conditions  of 
service,  an  equivalent  test  may  be  made  in  a  t3mical  run  back  and  forth, 
under  such  conditions  of  schedule  speed,  length  of  run,  rate  of  acceleration, 
etc.,  that  the  test  cycle  of  motor  losses  and  conditions  of  ventilation  are 
essentially  the  same  as  would  be  obtained  in  the  specified  service. 

484  Methods  of  Comparing  Motor  Capacity  with  Service  Requirements. 
Where  it  is  not  c6nvenient  to  test  motors  under  actual  service  condi- 
tions or  in  an  equivalent  typical  run,  recourse  may  be  had  to  one  cf  the 
two  following  methods  of  determining  temperature  rise  now  in  general 
use: 

835  1.  Method  by  Losses  and  Thermal  Capacity  Curves.  The  heat  de- 
veloped in  a  railway  motor  is  carried  partly  by  conduction  through  the 
several  parts  and  partly  by  convection  through  the  air  to  the  motor-frame 
whence  it  is  distributed  to  the  outside  air.  As  the  temperature  of  the 
several  parts  is  thus  dependent  not  on^y  upon  their  own  internal  losses 
but  also  upon  the  temperature  o*.  nwighboring  parts,  it  becomes  necessary 
to  determme  accuratefy  the  actual  value  and  distribution  of  losses  in  a 
railway  motor  for  a  given  service  and  reproduce  them  in  an  equivalent 
test-run  The  results  of  a  series  of  typ'cal  runs  expressed  in  the  form  of 
thermal  capacity  curves  will  give  the  re  at  on  between  degrees  rise  per  watt 
loss  in  the  armature  and  in  the  field  f  r  all  ratios  of  losses  between  them 
met  with  in  the  commercial  application  o*  a  given  motor. 

836  This  method  consists,  therefore,  in  caki^Jating  the  several  internal 
motor  losses  in  a  specified  service  and  determining  the  temperature  rise 
with  these  losses  from  thermal  capacity  curves  giving  the  degrees  rise 
per  watt  loss  as  obtained  in  experimental  track  tests  made  imder  the  same 
conditions  of  ventilation. 

837  The  following  motor  losses  cause  its  heating  and  should  be  carefully 
determined  for  a  given  service;  P  R  in  the  fiell;  P  R  in  the  armature; 
P  R  m  the  brush  contacts,  core  loss  and  brush  friction. 

The  loss  in  the  bearings  (in  the  case  of  geared  motors)  also  adds  some- 
what to  the  motor-heating,  but  rwing  to  the  variable  nature  of  such 
losses  they  are  generally  neglecteo  in  making  calculations. 
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2.  Method  by  Continuous  Capacity  of  Motor,  The  essential  losses 
in  the  motor,  as  found  in  the  typical  run,  are  in  most  cases  those  in  the 
motor  windings  and  in  the  core.  The  mean  service  conditions  may  be 
expressed  in  terms  of  the  current  which  would  produce  the  same  losses 
in  the  motor  windings  and  the  voltage  which,  with  that  current,  would 
produce  thv  same  core  losses  as  the  average  in  service.  The  continuous 
capacity  of  the  motor  is  given  in  terms  of  uie  amperes  which  it  will  carry 
when  run  on  a  testing  stand — ^with  covers  on  or  off,  as  specified — at  dif- 
ferent voltages,  say,  40,  60,  80  and  100  per  cent,  of  the  rat^  voltage — 
with  a  temperature  rise  not  exceeding  90  degrees  at  the  commutator  and 
76  degrees  at  any  other  part,  provided  the  resistance  of  no  electric  circuit 
in  the  motor  increases  more  than  40  per  cent.  A  comparison  of  the  e<}uiva- 
lent  service  conditions  with  the  continuous  capacity  of  the  motor  will  de- 
termine whether  the  service  requirements  are  withm  the  sale  capacity  of 
the  motor. 

840  This  method  affords  a  ready  means  of  determining  whether  a  specified 
service  is  within  the  capacity  of  a  given  motor  and  it  is  also  a  convenient 
approximate  method  for  comparing  the  service  capacities  of  different  motors. 

APPENDIX  C    PHOTOMETRY  AND  LAMPS. 

841  Candle-Power.  The  luminous  intensity  of  sources  of  light  is  expressed 
in  candle-power.  The  unit  of  candle-power  should  be  derived  from  the 
standards  maintained  by  the  National  tiureau  of  Standards  at  Washington, 
D.  C,  which  standard  unit  of  candle-power  equals  100/88  of  the  Hefner 
tmit  under  Reichsanstalt  standard  conditions  for  the  Hefner.  In  prac- 
tical measurements  seasoned  and  carefully  standardized  incandescent 
lamps  are  more  reliable  and  accurate  than  the  primary  standard. 

842  Candle-Lumen.  The  total  flux  of  light  from  a  source  is  equal  to  its 
mean  spherical  intensity  multiplied  by  4  TT.    The  unit  of  flux  is  o^ed  the 

candle-lumen.    A  candle  lumen  is  the  —th  part  of  the  total  flux  of  light 

emitted  by  a  source  having  a  mean  spherical  intensity  of  one  candle-power. 

843  Candle-Meter.  The  unit  of  illumination  is  the  candle-meter.  This  is 
the  normal  illumination  produced  by  one  imit  of  candle-power  at  a  dis- 
tance of  one  metre. 

844  a.  Candle-Foot.  Illtmiination  is  occasionally  expressed  in  candle-feet. 
A  candle-foot  is  the  normal  illtimination  produced  by  one  unit  of  candle- 
power  at  a  distance  of  one  foot. 

846      1  candle-foot  ^  10.764  candle-metres. 

The  use  of  the  candle-metre  unit  is  preferable  and  is  recommended. 

846  The  Efficiency  of  Electric  Lamps  is  properly  stated  in  terms  of  mean 
spherical  candle-power  per  watt  at  lamp  terminals.  This  use  of  the  term 
efficiency  is  to  be  considered  as  special,  and  not  to  be  confused  with  the 
generally  accepted  definition  of  emciency  in  Sec.  85. 

847  a.  Efficiency,  Auxiliary  Devices.  In  illuminants  requiring  auxiliary 
power-consuming  devices  outside  of  the  luminous  body,  such  as  steadying 
resistances  in  constant  potential  arc  lamps,  a  distinction  should  be  n^e 
between  the  net  efficiency  of  the  luminous  source  and  the  gross  efficiency 
of  the  lamp.  This  distinction  should  always  be  stated.  The  gross  eflfi- 
ciency  ^ould  include  the  power  consumed  in  the  auxiliary  resistance,  etc. 
The  net  efficiency  should,  however,  include  the  power  consumed  in  the 
controlline  mechanism  of  the  lamp  itself.  Comparison  between  such 
sources  oilight  should  be  made  on  the  basis  of  gross  efficiency,  since  the 
power  consumed  in  the  auxiliary  device  is  essential  to  the  operation. 

848  6.  A  Standard  Circuit  Voltage  of  110  volts,  or  a  multiple  thereof  may 
be  assumed,  except  where  expressly  stated  otherwise. 

849  Watts  per  Candle.  The  specific  consumption  of  an  electric  lamp  is 
its  watt  consumption  per  mean  spherical  candle-power.  '*  Watts  per 
candle  "  is  the  term  used  commercially  in  connection  with  incandescent 
lamps,  and  denotes,  watts  per  mean  horizontal  candle-power. 

800  Photometric  Tests  in  which  the  results  are  stated  in  candle-power 
should  always  be  made  at  such  a  dtstaoce  from  the  source  of  h'ght  that 
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the  latter  may  be  regarded  as  practically  a  point.  Where  tests  axe  made 
at  shorter  distances,  as  for  example  in  the  measurement  of  lamps  with 
reflectors,  the  results  should  always  be  given  as  '*  apparent  candle-power  " 
at  the  distance  employed,  which  distance  should  always  be  specifically 
stated. 
851  Basis  for  Comparison.  Either  the  total  flux  of  light  in  candle-lumens, 
or  the  mean  spherical  candle-power,  should  always  be  used  as  the  basis 
for  comparing  various  luminous  sources  with  each  other,  unless  there  is 
a  clear  understanding  or  statement  to  the  contrary. 

Incandescent  Lamps,  Rating.  It  is  customary  to  rate  incandescent 
lamps  on  the  basis  of  their  mean  horizontal  canale-power;  but  in  com- 
panng  incandescent  lamps  in  which  the  relative  distnbution  of  luminous 
mtensity  ditfers,  the  comparison  should  be  based  on  their  total  flux  of 
light  measured  in  lumens,  or  on  their  mean  spherical  candle-power. 

The  Spherical  Reduction-Factor  of  a  lamp 

^    mean  spherical  candle-power 
mean  horizontal  candle-power 

804  The  Total  Flux  of  light  in  candle-lumens  emitted  by  a  lamp  -  4  ttx 
mean  horizontal  candle-power X  spherical  reduction-factor. 

865  The  Spherical  Reduction-Factor  should  only  be  used  when  properly 
determined  for  the  particular  type  and  characteristics  of  each  lamp. 
The  spherical  reduction-factor  permits  of  substantially  accurate  com- 
parisons being  made  between  the  mean  spherical  candle-powers  of  dif- 
ferent types  of  incandescent  lamps,  and  may  be  used  in  the  absence  of 
proper  facilities  for  direct  measurement  of  mean  spherical  intensity. 

856  **  Reading  Distance."  Where  standard  photometric  measurements 
are  impracticable,  approximate  measurements  of  illuminants  such  as 
street  lamps  may  be  made  by  comparing  their  "reading  distances;  "  i.e„ 
by  determining  alternately  the  distances  at  which  an  ordinary  size  of 
reading  print  can  just  be  read,  by  the  same  person  or  persons,  when  all 
other  light  is  screened.  The  angle  below  the  horizontal  at  which  the 
measurement  is  made  should  be  specified  when  it  exceeds  15^. 

857  In  Comparing  Different  Luminous  Sources  not  only  should  their 
candle-power  le  compared,  but  also  their  relative  form,  intnnsic  brilliancy, 
distribution  of  illumination  and  character  of  light. 

APPENDIX  D.    SPARKING  DISTANCES. 

858  Table  of  Sparkine  Distances  in  Air  between  Opposed  Sharp  Needle- 
Points,  for  Various  Effective  Sinusoidal  Voltages,  m  inches  and  in  centi- 
metres.   The  table  applies  to  the  conditions  specified  in  Sees.  240-246. 

Kilovolts  DittaiiM. 

Sq.  Root  of 
Mean  Square  Indies         Cms. 

140 13.95  35.4 

150 16.0  38.1 

160 16.05  40.7 

170 17.10  43  4 

180 18.15  46.1 

190 19.20  48.8 

200 20.26  61.4 

210 21.30  64.1 

220 22.36  66.8 

230 23.40  69.4 

240 24.46  62.1 

260 26.60  64  7 

260 26.60  67  3 

270 27.60  69.8 

280 28.60  72.4 

290 29.60  74.9 

300 30.60  77.4 


859   Kiiovoitt 

Distance. 

Sq    Root  of 

Mean  Square 

Inches 

Cms. 

6 

0.225 

0.67 

10 

0.47 

1.19 

16 

0.725 

1.84 

20 

1.0 

2.54 

25 

1.3 

3.3 

20 

1.625 

4.1 

35 

2.0 

5.1 

40 

2.45 

6  2 

45 

2.95 

7.5 

50 

3.55 

90 

60 

....  4.65 

11.8 

70 

•  •  .  •    O '  od 

14.9 

80 

....  7.1 

18.0 

90 

....    o.  oO 

21.2 

100 

....  9  6 

24.4 

110 

....10.75 

27.3 

120 

....11.85 

30.1 

180 

....12.90 

32.8 
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APPENDIX  E.   TEMPERATURE  COEFFICIENTS. 

860      Table  of  Temperature  Coefficients  of  Resistivity  in  Copper  at  Different 
Initial  Temperatures  Centigrade. 


Initial 

temperature 

cent. 


Temp,  coefficient. 

in    percent,  per 

degree  cent. 


Initial 
temperature 
cent. 
1 


Temp,  coefficient. 

in  percent,  per 

degree  cent. 


0 0.4200 

1 0.4182 

2 0.4165 

3 0.4148 

4 0.4131 

5 0.4114 

6 0.4097 

7 0.4080 

8 0.4063 

9 0.4047 

10 0.4031 

11 0.4015 

12 0.3999 

13 0.3983 

14 0.3967 

16..... 0.3961 

16 0.3936 

17 0.3920 

18 0.3905 

19 0.3890 

20 0.3875 

21 0.3860 

22 0.3845 

23 0.3830 

24 0.3815 

25 0.3801 


26 0.3786 

27 0.3772 

28 0.3758 

29 0.3744 

30 0.3730 

31 0.3716 

32 0.3702 

33 0.3689 

34 0.3675 

35 0.3662 

36 0.3648 

37 0.3635 

38 0.3622 

39 0.3609 

40 0.3696 

41 0.3683 

42 0  3570 

43 0.3557 

44 0.3545 

45 0.3532 

46 0.3620 

47 0.3508 

48 0.3495 

49 0.3483 

50 0.3471 


The  fundamental  relation  between  the  increase  of  resistance  in  copper 
and  the  rise  of  temperature  may  be  taken  as 

Ri  ^  R^  (1  +  0.0042/) 
where  Rq  is  the  resistance  of  the  copper  conductor  at  (f  C.  and  Rt  is  the 
corresponding  resistance  at  fi  C.  Tnis  is  equivalent  to  taking  a  tempera- 
ture coefficient  of  0.42%  per  deg.  C.  tempNerature  rise  above  (f  C.  For 
initial  temperatures  other  than  0*  C,  a  similar  formula  may  be  used  sub- 
stituting the  coefficients  in  the  above  table  corresponding  to  the  actual 
initial  temperature.    The  formula  thus  becomes  at  25^  C. 

p  ^  -  J?.  /,.  0.3801  rv 

where  Ri  is  the  initial  resistance  at  25^  C.    Ri*r  the  final  resistanoe  and 
r  the  temperature  rise  above  25*  C. 
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In  order  to  find  the  temperature  rise  in  decrees  cent,  from  the  initiai 
resistance  Ri  at  the  initial  temperature^  C.  and  the  final  resistance /^<frWd 
may  use  the  formula 
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Ittustraled  with  83D  ffiagram*  and  diawlngB  of  pcacUcal  woik, 
cDotalning  over  SAO  pagea  of  nluable  InToimatioa,  and  un 
ready  reference  Indea  for  ijnlck  laformatliiD.  Thia  toIddii*  win 
be  mailed  lo  any  adJresa  postpaid  tipon  xeeipt  ot  a  aoHara. 


PUMPS    AND    HYDRAULICS    $4 
-■■—3  PARTS 

wUhplmarawccalljoaTatttadMi  to  the  recnl  pubU- 
llcra  an  pnmplnB  machliKiT.  ThU  work,  iMDCd  Bndcr 
_«4ICIt(ir''KOOBK8  rcun  and  BrnRAUUCS.-lia 
BcOBplcUaadpnetKatliuulliook.tmtlBr  od  that"""!"-- 
iK.ae«ta(iaa.  ou-tasdiuiiBCKnutof  pumpliiv  mai 
la  priadplM  «f  brdnnUo  beiOK  Kl*o  (baroaKfil*  ex 
tie  winfe  U  illumtcd  with  coU,  aitgnam  ind  dni 

mirk  actnallx  eonMncta-'  — '  '-  .^  .    . 

ezplanatioiu  of  the  eumi 


rlawUhptaM 
CBlloii  an  pni 

BoBplcUaad 


iplcaihoini  arc  takco  from  e*«f*3»y 
a  nort  helpful  In 


ufinMa  a 


■liiaa;  Hydiai — 
TaO;  Brdnulic 
i,„. = 


SoUccta  TTCalol 

ThcAlrPBDp;  AfraailVao- 
Dum  Punpa.  Air  CoBpicaa- 
on ;  The  Air  Uft  Pump ;  The 
Bteui  Fire  Bafliu ;  lOKXlte- 
aeoiB  Pnmpa  i  HlaluPaBpi; 
Harlae  Pampi;  ■^■gai- 
bouae"  PiuBp*;  CIrealabaB 
Pnmpa ;  Atmoaiikcric  Pasp* : 
Ammonia  or  Add  Eympw  The 
Bcmr  Pnmp;  Acrmolor 
Pnmpa  i  Rotur  and  CeaRlf. 
ufalPunip*:  nrbuePDmH; 
iDJectora  and  Bjedois:  nil- 
■OBeter-Aqaa-TbraateriPnmp 
Speed  GOTtmoia:  Conden*- 
iog  Apparatva :  ntlUtKa  and 
AflacbmcBla^  TooU,  Vain* 
and  Flpln>.  Flpea,  Jolnta  asd 
FttUnKCKtulVotea  i  Ta- 
blea  ud  Data;  Gloaaaiy  of 
Pump  and  Htdraalle  TenH . 
Blementarr  HTdianlica;  plow 
of  irater  Coder  Ptewnrc; 
Water  Preaaare  Hachlsta. 
Water  Whcela;  Totblae 
Water  Vbeela-  TurbUe 
Pompa;  Water  rriaaiiie  Bb- 
ra;   Hjdraulic  Apparatiu;   HvdranBc 

;,.«'?''_''"=  ~  "     "■ 


un;  PiimpaaaHHtaaflcApparatnai  ClaiBlflcatkn^i^mpa; 
Hand  Pmnpaj  Power  PumH;  Belled  Pumpa;  The  Blaefaic 
Pnmp:  The  Steam  Pnmp.The  Copies  Pamp-  Uadnwrttcr 
FIte  Pnmp  T  Bpcdfloalioni  of  the  Matlanal  Soaid  of  ttn  Vmif 
wrnecB  RelaUncto  Duplex  Plr«  Putnta. 

Theae  two  volamca  of  naarlr  nine  hnadrwl  ■■Bea.lllni 
bated  witk  ^out  aana  haadrai  ««•«  cola,  at*  iSAabk 
atielmaaa  of  bookmaktas;  thej  are  prtnlcd  on  fine  white 
mpcT  Id  large  clear  text  with  ampla  nia[K<>>a>  and  bouhd  in 
black  nUnn  cloth  with  tllica  and  lopa  In  gold.  In  Mac  thejr 
are  ta  br  utoe  iochca. 

PRICE,  S4,  DELIVERED 


ELECTRiaTY     FOR     ENGINEERS    $2 


•nd  capable  of  o 
trical  nuuhlBfry,  To  mcli  penou*  thla  poAct-book  wltl  W 
tonnd  a  snat  bcufactor.  liBCC  It  tontalna  jnat  the  latMmattoa 
tbat  li  niiulnd,  M//ii  jiMtf  ^M  a/rXua' Haair. 

Plan  <rfShidy 

Tbe  folkywhis  U  a  par- 
tial lilt  or  tbetoplci  dl^ 
CDWcd  and  lUnnraletl : 

Conductoxm  and  Ifon* 
CtmdBclon  ;  8  j  m  b  o  1  ■ . 
abfareviatiou  and  defisl- 
tlona  reladng  to  electric- 
ity:  The  Molor ;  The  Care 
aod  Uanagcmcat  of  the 
DTnano  aod  HoUir. 

BlectHc  LlghtlaE '  Wir- 
ing,   The  rulei  and  re- 

Uonal   Board    of     Under- 
writeraio  full;  Blectrical 


and  VanageideBt  of  the 
Street-Car  llotoT  ;  Hleclra 

The  Telephone  and 
Tetegtaph;  The  Klcclrle 
Slemlor ;  Acddenta  and 


)d  of  the  wbote  book  baa  baen 
eeaplasatlon  and  llliutrationa 
nd  patticBlar  dlrectloni  rela^ 
tog  to  Iti  care  aod  toanaKDent ,— all  dlrectloM* 


Iti  care  anid  toanaKDent ,— a  I 
aimpleat  and  kindly  way  to  a 


II  oootalBi  m  pac**  *'"■  in  lllnalrallmi*  of  tWttical  ap- 
pUancca ;  It  tl  boundln  lisiT  red  leather,  (aiae  iJtltlM  for  the 
podet),  with  full  gold  edge*  and  li  ■  moat  attracdn  haod- 
hnr>k  for  BlactrldaBa  and  Snglaeei^ 
THEO.  AUDEL  t  CO..  93  nFTH  AVENUE.  NEW  YOUKJ 


CALCULATIONS  FOR  ENGINEERS  fl 


Tcfemee  leUUsf  to  the 
■tMm  engioc,  the  Mom  boiler,  etc. 
uad  haa  been  mM  to  conlala  erery 
calcnlatioii.  rale  Knd  table  pectmatj 
to  be  kamm  b^  the  SivlnceT,  Fire- 
nun  and  ■  iteani  user. 

Olvlas  ■  complete  connc  la  Methe- 
Duiica  for  the  Bnctneer  and  itcaiB 
■uer;  all  calmlaUoni  are  la  pUin 
■rithmellal  Gpires,  ao  tbat  the  av. 
etage  tnaa  need  not  be  confiued  by 
the  Iniertloa  of  the  terma.  irmbols 
and  charaden  to  be  found  In  work* 
of  »caUed  "  higher  mathematics." 

HeAuleal  Powtri;  Natniat  or 
Mechanical  Phlloaopby ;  Strengtb  of 
Hateilali ;  M  ennuatlon ;  Arithmetic ; 
DeaolpUaa  of  Algebra  and  Gcon- 


Ta1>lei  of  Wel^ta,  Ifeaanrei. 
Streoffth  of  Rope  and  Chains,  Prea> 
mrei  of  Water.  Diameter  of  Pipe*, 
etc  i  The  Indicator,  How  to  Compute ; 
The  Safety  VaUe,  How  to  Figure  ; 
The  Steam  Bidler ;  The  Steam  Pomp ; 
Horae  poweia.  How  to  Fignte  for 
BoglDca  and  Btitcri :  Steam,  What  It 
U,etc. 

Index  and  Uaefnl  [>efiniiiou. 


This  work  contain*  880  pagea  «Dd  UO  llluitiatlai)*  :  It  U 
dnratily  and  handumelj  bound,  uniform  in  ityle  and  aiM  with 
the  -  Inatniction*  for  the  Boiler  Room  "  and  the  "  Catechim  e« 
the  Steam  BnginCi''  It  baa  gold  edge*  and  tltta.and  welfbl 
onr  X  ounce*. 

PRICE,  *2,  Portpuld 

THEO.  RUOEL  •  CO..  S3  FIFtH  AVENUE,  HEW  YORK. 


ENGINEERS       EXAMINATIONS 


#  I  miK  work  Ii  an  ImpntuK  aid  to  engiiiecn  of  all  S'xl'*. 

I        add  it  undoubtedly  the  nuut  helpfnl  cnr  iMiMd  rclat- 

A       iaCtoaMfcaadmii*  praparatloii  for  ezunlnatlon.    II 

pnaenU  In  ■  condetucd  fotm  tlie  moat  apprDTcd  practice  In  tbt 

cm  and  management  of  Steam    Bollen,  Engine*,  rntnpa. 

il  and  Kef  rigeiatinc  Machlnci,  alio  a  few  puis  rales 

of  arithmetic  with  ezamplea 

of  how  to  work  the  prob- 

lema  relating  to  tJie  lafety 

valve,  atrength   of   boilcia 

•od  hotM   power     of     the 


It  containa  Tarloni  mlei» 
reguLatloaa  and  law)  of 
large  dliei  for  the  ezamina' 
tlon  of  boHen  and  the 
UcendoK  of  cngineen.  It 
contain!  the  tawa  tnd  reg- 
Dlattona  of  tbc  United  Stalaa 
for  the  ezamlnation  and 
grading  of  all  marine  tn- 

The  book  glTc*  the  under. 

Ijring    principles  of  aleam 

'    cnglueeriog    in   plain   Ian- 

goage,  with  very  many  aam- 

ple  queationa  and  sniwen  likely 

■  aike^  by  the  examiner. 

n  a  short  cbatiler  on  the  "  Key 

w  o-iL^.^. obtaining  knowledge  neceaaary 

(or  adiancement  In  engineering. 

Thla  helpful  TOlame  contalo*  fOO  pages  of  TalnabI*  informa- 
tion not  elsewhere  obUiosble  ;  it  Is  bi 
with  fnti  gold  edges  and  title* ;  It  n 
weigh*  twenly-two  ounces. 

PRICE,  *2.  Portpald 

.  IMO.  AUDIL  «  CO.,  as  FIFTH  AVUUC  HEW  YOM 


STEAM  BOILER   PRACTICE  »2 


I  book   of    inatncbaa    of 


liofSUa 


II  tnau  OB  nulcriaU.  coal*,  mod, 
coke,  and  oil  and  ■>  ~  ' — ""  '''   "— '- 


_ M  foelf 

BiuufcDicDi  oi  aieaiii   boilcn,  pn- 
TCntlon  of  foamlDf ;  tool*  ana  fire 


»  rfity  Inporl 

polBta  of  cxutknu  lo  be  obaem 

Ebo  pnpcT  nunagancDt  of  boilcn. 


It  coBtaloi  a  dcacripdon  of  and  full 
treatiM  on  itaikiaaiT,  marine  and 
loeoaotlTe  bollcrvand  Ibe  hktorlcal 
derekMrntDt  of  biAcn :  ipedficatloBi 
for  boUeni  riwttoi;  bndns:  rales 
for  flndlnx  iiinaiiir  oi  itialn  on 
bolta! 

ntlMalntpccton  ralca  rclatlnf  lo 
bnoea  in  (team  boilcn.  Alao  rale* 
■od  lablca  tor  calcalaUtic  areaa  and 
•uamand  watei  ^lacc  c(  boilen. 

II  ireaU  on  biriter  tnbca.  ooHtrao- 
Hon  and  dnwlnt  of  brtlcr  lectiaDa; 
dcf act*  and  ncocMaiT  npalra ;  inn«y 
tka  ot  Mam  bolian;  mecbanlcal 
Moken*  oorroaloB  and  acak.  bdlcr 
compOBBda,  feed  water  heatCT*. 
Injcdon,  pnmiM.  boiler  actUnga; 
pipca  and  piping :  ateun  heating, 
SxaWij  of  the  faraacc ;  boflet 
making ;  plnmbing.  and  bundnda  of 
othet  mef ul  aubjecU. 

II  itatea  aevenl  plain  nlca  for  the 
ttlcuUtlon  of  aafctr  valrc  problenu 
and  ttioac  aanctloncd  by  the  U.  B. 


Tlie  TDlnme  haa  BDO  pagM  and  188  ISnatiaUmia  aad  dl- 
agnma.  It  la  •>»(  in.  £i  alae  and  wigha  »  oun™.^e 
binding  la  nnltorra  with  that  oT  the  "  Calculatlona  and  "  (St- 
cchlBcTof  U»  Steam  SoglDC,"  being  bonnd  In  heaTf  green  doth, 
with  oraamuital  tltlea  and  edge*  In  gold. 

PRICE,  »2,  Postpaid 

THEO.  AVDEL  A  CO.,  a3  FIFTH  AVCHUE.  HEW  VOaiC'JL  Y. 


TELEPHONE    ENGINEERING    $( 


^T*HB  "ABCof  the  Tclepboti*"  la  ■  booknlubU  to  all 

I        penoni  lotcnatad  In  UiU  I  ..-.-. .     «_ 

X       eipen»»  hM  bMo  »p»red  b     . —  , _. 

the  aBthor.  In  msUnK  toll  III*  matt  auuprchcB^Te 

taaodbook  mr  brou(tit  out  niatjng  to  tli*  tdephoiH. 


U  rm^oar»iBt  IndnatiT.    Jto 

1  >pucd  b*  the  pnbliahcn.  or  pals*  b* 
iwUnK  ifil*  tli«  n-— ' •■ ■— 


-TABLK      OF      CONTfNT«- 


The  Tcltphon*  Appuatoa  aad  lU 

Opentian!  A  Brief  " ••^-■«._ 

oty  ol  Bonnd,  Mao 

itaadiof  at  the  1 r- 

auTcyof  the  Priodplei 
tW;  SkctriMl   QiMBtlt 


Opentian!  ABrlef  BivTCToftlwTlie- 
- — ■ -— »  MteaMaijitean  "-- '— 
lie  TclepBODC ;  < 
Priodplea  of  B 


_   the  toaaklnf  Teleph 
Hodlflcsaona  ol  the  lli 

phone ;     The     Carbon    ! , 

Tratiaaittter ;  The  circnlci  of  a 

phone  A.ppai ™--~_i.-.- 

■nd  it*   Fun .  .      -  .     .  . 

Apparatiu  i  The  Sultchboard  and 


The     Carbon    lllciophotir 

arenlti  of  a  Tele. 

The  Bwllch  Hook 


Apbllancea  ot  the  Ccalral  Btatlon 
The  Opei  -        -      - 

boa^Attachi 


1  Opcrator'a    Switch    I 


Impnmd  Bwilch^ 

-, ,  _, ^ClnolU I  The Mol. 

tiple  Switchboard:  I,acalhr  Inter- 
connected or  Unltlpic  Tranirer 
Switchboard ;  flzchaagc  Battery  flra- 
temi :  Pattgr  IJnea  and  BtlectM 
8ln^;  Prints  Telephone  Unea 
aul  IntcroommiinkatlBC  Byatmui 
Common  ftetam  Clrculta;  niwatc 
Telephone  Line*  and  Intnconunoni- 
catlnc  StUciiu;  Pull  HetalUc  Cir- 
cnlla;  urc*  nltate  SyMnna  and 
Antomatie  Rn^ncea;  Derlcea  tor 
PtMacUug  Telephone  Apparatna 
from  Slectrieal  Diatnrhaiica ;  The 
OOKial  Condltiana  ot  Telnhonc  Uae 
ConMnctlon ;  Telcphoaarolel.lnea ; 
Vlre  Tmnaportatlaiia  00  ■  Pole  Unc. 
TclephoiM  Cablei  and  thetr  U*e  In- 
UndcTcroBBd  and  ?ole  Uata :  Cimlt 
Balandns  Derlcca ;  The  Hicrotcle- 
phone;  WlreleM  Telephony ;  tjaeful 
...a-i.i j  Hlnu  on  Telephone 


t,tH    BKABY    B.KIMNOK    IWBK 

r^ nabrboand  la 

•erlaalj  i-od 

^ PRICE,  tl,  PoBtp«ld 

THEO.  AUDCL  A  CO..  63  FIFTH  KVEHUE.  NEW  YORK.  N.  Y 


